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PLANT OF LE MATERIEL TELEPHONIQUE, 
PARIS, FRANCE, FOR THE MANUFACTURE OF 


COMMUNICATION APPARATUS AND EQUIPMENT 


Extension of Sottens Broadcasting Station to 100 KW 


By E. METZLER, Dipl. Ing., 


Engineer in Charge of Swiss Telegraph Administration’s Radio Division, 


C. E. STRONG, B.A.I., M.I.R.E., A.M.LE.E., 
and F. C. McLEAN, B.Sc., A.M.I.E.E., A.M.I.R.E., 
Standard Telephones and Cables, Limited, London, England 


HEN the Swiss T.T. Administration 

took in hand the task of providing a 

comprehensive broadcasting scheme to 
cover the whole country, plans were based on a 
regional scheme involving among others a high 
power station at Sottens to serve the French- 
speaking zone. This station was opened in 1931 
with an initial power of 25 kW., and provision 
was made for a future increase in power should 
circumstances make this desirable. 

In 1935 the decision was taken to raise the 
power to 100 kW. and, at the same time, to 
incorporate the latest methods in broadcasting 
technique. An order for this conversion was 
placed in January, 1935 with the Bell Telephone 
Manufacturing Company of Berne. 

Ten months later, in November 1935, cutover 
of the entire extension was effected, the work of 
installation, adjustment, and testing having 


been completed without interruption to the 
broadcasting service. 

The changes necessitated by the fourfold 
increase in power, accompanied by modernisa- 
tion throughout, are such that, for descriptive 
purposes, it is preferable to consider the equip- 
ment as entirely new rather than as an extended 
installation. 

A general idea of the layout can be obtained 
from Fig. 1. It shows a plan view of the ground 
floor on which is installed the transmitter proper 
and all power supplies except the high voltage 
rectifier which, together with the smoothing 
system and the valve water cooling plant, is 
accommodated in the basement of the station. 

The main features which characterise the 
design of the equipment may be summarised ‘as 
follows: 

(A) The equipment is systematically section- 
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Fig, 2—Transmitier Hall. 


alised according to the functions of the com- 
ponent parts. : 

(B) The low power “exciter” stages, both high 
frequency and low frequency, are in the form of 
self-contained units, supplied in duplicate, with 
means for quick changeover. With the exception 
of filament heating, all power supplies for these 
units are obtained from metal rectifiers. 

(C) The high power stages, including the 
modulator, modulated amplifier, power ampli- 
fier, and output circuits are built in the cubicle 
type of construction which gives exceptional 
freedom of access. 

(D) Spare water cooled valves are mounted in 
cach position, and mechanism is provided for 
quickly changing over the electrical supplies and 
the water. 

(£) Screen grid valves are used in all low power 
radio frequency stages, resulting in simplification 
of circuit adjustment. 

(F) All voice frequency amplifiers are in 


push-pull, giving improved transmission quality. 

(G) Extremely high R.F. harmonic suppression 
is obtained by means of special filter circuits in 
the output stages. 

(H) The system can be converted ` from 
“stable carrier” to “floating carrier” whenever 
desired, even during a programme item, by 
means of a floating carrier input equipment. 

(1) No line amplifier is required, as the L.F. 
exciters can be fully driven with a very low 
input. 

(J) Rotating machines are used only for 
filament and grid bias supplies and water cooling 
pumps and fans. 

(K) Complete water flow, temperature, and 
pressure measuring equipment is provided, con- 
centrated on a “water control board.” 

(L) Use of perishable materials such as rubber 
and wood has been avoided. 

(M) The protective system is mechanical with 
additional protection by an electrical interlock 
system. 


ELECTRICAL COMMUNICATION 5 


(N) Provision is made for monitoring and 
measuring noise level and distortion at a number 
of points in the equipment, and a fully equipped 
test position is provided whereby all the trans- 
mission characteristics—frequency response, har- 
monic content, etc.—can be measured in a few 
minutes as a daily routine operation. This new 
scheme has proved to be very useful and will 
soon be adopted in all the Swiss Broadcasting 
Stations. . 
= (O) All rotating machinery is provided in 
duplicate with means for quick changeover. 

The transmitter proper, manufactured by 
Standard Telephones and Cables, Limited, 
London, is installed in the main hall of the 
station (Fig. 2). It comprises the following 
principal assemblies: 

(a) Radio frequency exciter unit (Fig. 3), crystal 
controlled, and delivering an output of 
500 watts to the modulated amplifier. 
This exciter- is of cabinet construction 


CC —. 


Fig. 3—H.F. Exciter, Rear View with Doors Open. 


Fig, 4—L.F. Exciter, Rear View with Doors Open. 


with dimensions approximately 2.2 m. 
0.82 m.X0.57 m. All apparatus and 
valves are completely enclosed but easy 
access can be obtained through a door in 
the back of the cabinet opened by means 
of a key which forms part of the interlock 
system. The crystal is contained in a 
double-chamber oven, each chamber hav- 
ing its own tempcrature control system 
consisting of a mercury in glass thermom- 
eter acting on the grid of a mercury vapour 
relay, the plate circuit of which includes 
the chamber heating element. By means 
of a small variable condenser it is possible 
to vary the frequency of the crystal 
controlled system over a range of +20 
‘parts in one million. If, under special 
circumstances, it is necessary to make a 
large change in the frequency, the first 
stage of the exciter may be used asa 
self oscillator. The unit includes in all a 
total of four R.F. stages, each stage con- 
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Fig. 3—Floating Carrier Unit, Rear View with Doors Open. 


sisting of screen-grid valves with tuned 
output circuit. 


(b) Spare R.F. exciter unit, a complete duplicate 


of (a). 


(c) Audio frequency exciter unit (Fig. 4), con- 


sisting of a cabinet of the same dimensions 
as the radio frequency exciter, and in- 
cluding four stages of Class “A” push-pull 
amplification. The input and output 
impedances are approximately 600 ohms 
and 20,000 ohms, respectively. An input 
of —14 db. below six milliwatts is suffi- 
cient for full modulation. With such a 
low input level no line amplifier is re- 
quired in the station, the studios at 
Lausanne being only twelve miles distant. 
As in the case of the radio frequency unit, 
all apparatus and valves are normally 
enclosed, and. access to the interior is 
possible only when all voltages have been 
removed. 


(d) Spare audio frequency exciter unit, a com- 


plete duplicate of (c). In the case of both 
the audio frequency and radio frequency 
exciter units, it is only necessary to 
operate one switch to effect a complete 
changeover from the working unit to the 
spare unit, the input and output circuits, 
etc. being changed over by a group of 
contactors. 


(e) Floating carrier unit (Fig. 5), consisting of 


another cabinet of the same dimensions 
as those used for the exciters. It includes 
a dry metal rectifier energised from the 
audio frequency exciter to give unidirec- 
tional voltage fluctuating at syllabic 
frequency. This is then amplified by a 
two stage d-c. amplifier system, of suit- 
able time constant, to give a reverse 
grid bias to the modulator. Since the 
latter is negatively biased towards the 
cut-off point when the floating carrier 


Fig. 6—Corridor of Cubicle Assembly. 
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ok 


Fig. 7—Modulator Value Cubicle. 


system is in use, with no audio input the 
plate current in the series modulation 
system is very small, and the radio fre- 
quency output is correspondingly re- 
duced, while for full audio input the 
reverse bias from the floating carrier unit 
reduces the bias on the modulator to its 
normal or steady carrier value, with 
corresponding increase in mean plate 
current and hence in carrier output from 
the modulated amplifier. 


(f) Cubicle assembly, in which are mounted all 


the water cooled valves and associated 
equipment including the modulator and 
modulated amplifier, interstage circuit, 
power amplifier, main output circuit, and 
aerial tuning circuits. Of the seven 
cubicles comprising the line, the first 
five are traversed by a central corridor 
(Fig. 6) from which access is obtained to 
the individual half cubicles by sliding 
doors interlocked with the protective 


system. At the end of the corridor another 
sliding. door gives access to the sixth 
cubicle, from which the seventh may be 
reached. The following gives an indica- 
tion of the distribution of the equipment 
in the cubicles: 


Cubicle No. Front Rear 

1 Modulated Amplifier Modulator Valves 
Valves 

2 Modulated Amplifier Modulated Amplifier 
Output Output 

3 Power Amplifier Grid Power Amplifier 
Circuit Grid Circuit 

4 Power Amplifier Power Amplifier 
Valves Valves 

5 Power Amplifier Plate Power Amplifier 
Circuit i Plate Circuit 

6 Power Amplifier Output Circuit 

7 Aerial Coupling and Tuning Circuits 


The efficiency of harmonic reduction from 
amplifier valves to aerial is such that the in- 
tensity of harmonic field strength at a distance 
of 5 km. from the station is only 180 microvolts/ 
meter, representing a suppression of 71 db. on 
the fundamental field strength. 


Fig. 8--Modulated Amplifier Valve Cubicle. 
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i Fig. 9— Modulated Amplifier Intersiage Circuit, Front Cubicle. 


The circuit of the transmitter will be under- 
stood from the block schematic diagram given 
in Fig. 13. 

The transmitter is modulated on the plates of 
the penultimate radio frequency amplifier. The 
modulator and modulated amplifier valves are 
operated in series from the main 18,000 volt 
supply for the final power amplifier. The modu- 
lator valves are on the low potential side, being 
interposed between the filaments of the modu- 
lated amplifier, which are insulated for high 
voltage, and ground. The filaments of the modu- 
lated amplifier, being at high potential to ground, 
are energised with a-c. from the highly insulated 
secondaries of transformers whose primarics are 
fed from the automatically regulated 380 volt, 3- 
phase supply. These transformers are designed 
for very low capacity from the secondary wind- 
ings to ground, as this capacity is in shunt to the 
output of the modulators and consequently 


affects the frequency response. The transformer: 
are Scott connected, so reducing hum arising 
from the a-c. heating of the filaments. 

The power supply system of the transmitter is 
shown schematically in Fig. 14. 

The main power supply for the station is 
derived from 8,000 volt, 3-phase, 50 cycle 
mains. Two sources of supply are available from 
separate power stations, and are brought to the 
station by separate feeders. The main incoming 
power supply is branched, one part being taker 
direct to the transformer for the 18,000 volt 
Brown-Boveri mercury arc rectifier, and the 
other part being stepped down to give a 38( 
volt supply for the motor generators, pumps, 
fans, and the rectifiers feeding the exciter and 


floating carrier units. 


The general construction of the cubicles and 
method of mounting valves and apparatus will 
be gathered from the illustrations. All valves are 
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water cooled, the water supply being taken 
through porcelain hose coils situated in the base- 
ment directly underneath the cubicles. 

The modulator cubicle (Fig. 7) is equipped 
with three No. 4053-A low impedance valves. 
Two of these are normally connected in parallel, 
the third being a spare. 

The modulated amplifier cubicle (Fig. 8) is 
equipped with two No. 4009-A valves, operating 
in push-pull, and with an additional spare valve 
which can be switched to either side of the push- 
pull circuit as required. Figs. 9 and 10 show the 
modulated amplifier interstage circuit cubicles. 

There are two power amplifier valve cubicles 
(Fig. 11), one on each side of the corridor, each 
containing a pair of No. 3030-A valves in parallel, 
together with a spare pair of valves. The two 
cubicles form the two sides of a push-pull system, 
and in either cubicle any two of the four valves 
can be used together. The switching system 
governing these valves includes not only the 
electrical but also the water circuits. 


Fig. 10—Modulated Amplifier Interstage Circutt, 
Rear Cubicle. 


Fig. 11—Power Amplifier Valve Cubicle. 


Cubicle No. 6 (Fig. 12) contains two tuned 
output circuits inductively coupled, working 
into a filter circuit of 600 ohms impedance, 
situated in cubicle No. 7. This value of impedance 
was adopted so that if the aerial system should 
later be changed to one requiring transmission 
line feed, it will be possible to connect the feeder 
directly to the filter output terminals. 

Cubicle No. 7 contains the harmonic filter and 
the antenna tuning and coupling circuit. The 
filter includes series and shunt elements, and the 
antenna coupling circuit is a closed tuned circuit 
inductively coupled to the aerial. The aerial is 
tuned by a tapped coil and a shortening con- 
denser. The high frequency transformers pro- 
viding the inductive coupling between the two 
tuned output circuits and between the antenna 
coupling circuit and the antenna are fitted with 
earthed electrostatic shields. 

To accommodate the equipment for the switch- 
ing, fusing, and metering of these supplies, a 
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Fig. 12—Power Amplifier Output and Aerial Circuit Cubicles. 


power board (Fig. 15) is provided in the Trans- 

mitter Hall. This board is of dead front panel 

construction, approximately 6 m. long x2.2 m. 

high <1.4 m. deep, and is divided into six main 

sections with controls for the following: 

(1) Incoming 8,000 volt, a-c. supply; 

(2) 380 volt, a-c. supply, non regulated, to mo- 
tors, and 380 volt, a-c. supply stabilised by 
automatic induction regulator, to the low 
power supply unit rectifiers; 

(3) 28 volt d-c. and 10-12 volt d-c. filament 
supplies from generators; 

(4) 550 volt d-c. and 1,200/2,500 volt d-c. grid 
bias supply from generators; 

(5) 28 volt generator changeover switching; 

(6) 2,500 volt generator changeover switching. 

Provision is made on the board for automatic 
control of the time taken for building up the 
excitation of the 28 volt generator to its normal 
value, in order to ensure that the power valve 
filaments are not brought up to full brilliancy 


too quickly. The external finish of the board is 
grey, to line up with the finish on the exciter 
units and control desk which are in the same 
room. 

High tension supply for the modulation and 
power amplifier systems is derived from a 400 
kW. 18,000 volt Brown-Boveri rectifier of the 
grid controlled mercury arc type. This is 
mounted, together with its auxiliary oil and 
molecular vacuum pumps and cooling system, 
in the basement of the station, together with the 
18,000 volt smoothing system and the rectifier 
H.F. protective filter (Fig. 16). The full trans- 
former voltage is always applied to the rectifier, 
and adjustment of the d-c. voltage is obtained 
by phase control of the grid voltage. The grids 
are also interconnected with the protective 
system to switch off the rectifier momentarily in 
the event of a back fire in the rectifier or a flash 
arc discharge in the transmitter valves. 

The high tension filter system is divided into 
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five branches feeding separately the modulating 
stage and each of the four power amplifier valves. 
The division of the filter gives increased protec- 
tion against short circuits and reduces inter- 
modulation between stages. 

Grid bias, screen, and anode voltage supplies 
for both the high frequency and audio frequency 
exciter units, and also the anode supply for the 
floating carrier unit are obtained from a “Low 


Power Supply Unit” (Fig. 17) consisting of a 
group of metal rectifiers for the voltages of 2,500, 
850, 425 and — 150. 

These rectifiers are all operated from the 380 
volt supply taken through the automatic induc- 
tion regulator. Each rectifier has its own working 
and spare transformer, arranged for changeover 
by a manually operated ‘switch, also a spare 
rectifier element. The unit includes the necessary 
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filter circuits for the various outputs. As in the 
case of the exciter units, all apparatus is com- 
pletely enclosed but is accessible by opening the 
doors which are interlocked with the protective 
system to remove: all dangerous voltages. 
Handwheels on the front of the unit operate 
changeover switchgear isolating the exciter 
units not in service. 

The complete low power supply unit, includ- 
ing the rectifier elements, transformers, smooth- 
ing equipment, and an associated contactor 
rack, is installed in the machine room behind 
the exciter units. 

The valve water cooling system is of the 
closed circuit type using distilled water cooled by 
air blast radiators. Piping, pumps, etc., are all 
of non-ferreous material. Where the water 
channel changes from an electrically conducting 
medium to a non-conducting medium, renewable 
thin lead sleeves are provided to take up the 
electrolytic action which inevitably occurs at 
such points. The system dissipates a power of the 
order of 300 kW. 


Control and metering of the water supply to 
the various valve units is carried out at the 
water control board located in the Transmitter 
Hall. This control board is of the panel type, 
3.2 m.X2.2 m., and is divided into four sections. 
On it are mounted actuating handles for the 
cocks controlling the total flow and the separate 
flow to each valve cubicle, also water flow meters 
and outlet temperature thermometers for each 
branch circuit. , 

The flow meter circuits are interconnected 
with the electrical protective system in a manner 
such that the voltages cannot be switched on 
until normal water circulation has been estab- 
lished. 

As already mentioned, the porcelain water 
coils (Fig. 18) which provide the high resistance 
path between the valve jackets and ground are 
installed in the basement, directly beneath the 
valves they serve. They are surrounded by 
strong glass partitions so that in the event of an 
accidental breakage while the transmitter is 


Fig. 17—Low Power Supply Unit. 
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working there can be no danger to personnel 

from jets of water at high potential. 

The operations for bringing the transmitter 
into service are performed at the power board 
in the transmitter room, except the application 
of the main high voltage. The latter is applied 
and regulated from a control desk which is 
fitted also with meters and facilities for general 
supervision of the equipment while in operation. 

The control desk (Fig. 19) is of metal con- 
struction, its dimensions being approximately 
1.9m. longx1m. wide by 1.13 m. high. It is 
finished in grey cellulose to line up with the 
exciter units and power board. The equipment 
on the desk includes the following: 

(1) Meters for reading all the important valve 
voltages for both the exciter units and the 
power amplifier; 

(2) Switches for the control and regulation of the 
18,000 volt mercury arc rectifier; 

(3) An “emergency stop” button enabling the 
whole station to be shut down instan- 

Fig, 18S—Water Coils Installed in Basement. taneously; 


Fig. 19—Control Desk. 
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(4) Signal lamps to indicate any failure in the 
protective systems; 

(5) Programme level indicator; 

(6) Modulation meter indicating depth of modu- 
lation at the output of the transmitter; 

(7) A signal lamp giving warning of over- 
modulation ; 

(8) A monitoring loud speaker which can be 
connected to any one of the monitoring 
points at the outputs, respectively, of the 
audio frequency exciters, the modulated 
amplifier, and the power amplifier; 

(9) An hour meter indicating the operating time 
of the power amplifier valves. 

In order to facilitate the maintenance of a high 
standard of transmission quality, a bay of 
monitoring and testing apparatus (Fig. 20) is 
mounted in the transmitting room available for 
routine measurements of performance. The 
equipment is permanently connected to enable 
measurements to be made quickly and easily at 
a number of points in the transmitter. The follow- 
ing are some of the observations which can be 
made at the test rack, as a routine operation: 

(1) Percentage modulation on both positive and 
negative peaks; 

(2) Programme monitoring with high speed 
volume indicator; 

(3) Carrier noise level; 

(4) Amplitude distortion in low frequency and 
high frequency amplifiers (harmonic con- 
tent); 

(5) Noise and hum level of audio amplifiers; 

(6) Audio frequency response curves; 

(7) Modulation curves in conjunction with the 
modulation meter mounted on the trans- 
mitter; 

(8) Gain of low frequency amplifiers; 

(9) Examination for symmetry of wave form by 
cathode ray oscillograph; 

(10) Depth of modulation by cathode ray oscillo- 
graph; 

(11) Low frequency wave form examination by 
cathode ray oscillograph. l 


The modulation indicator can be left in con- . 


tinuous operation and, associated with it, there 
is a device to indicate over-modulation by 
flashing of a lamp. 

The aerial is of the high T type, slung between 
two insulated, self-supporting steel towers 125 


Fig. 20—Test Rack for Routine Testing. 


meters high and spaced 200 meters apart. The 
earth system consists of a buried copper wire 
network covering an area of 200 meters x 260 
meters. 

The overall performance of the transmitter, 
both in regard to transmission quality and 
reliability, meets fully the high standards re- 
quired by the Swiss Broadcasting Service. The 
frequency response curve lies between +2 db. 
between 30 and 10,000 cycles per second, and the 
audio frequency harmonic content due to ampli- 
tude distortion is of the order of 4% R.M.S. at 
85% modulation. 

The accomplishment of the work of extension 
and modernisation in the short period of ten 
months without any interruption to the trans- 
missions from the station entailed the closest 
cooperation between the Administration and the 
contractors, and was secured through the assist- 
ance of the station superintendent, Mr. R. 
Piece, and his staff. 
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Centennials of T 


André Marie Ampére 


NDRE MARIE AMPERE, one of the 
greatest scientists of all time, ‘‘sought 
a the truth, elevated ideas, general prin- 
ciples, and he preferred them if they could be 
directly applied.’’ He contributed to the idea of 
the electric telegraph, and his memoirs show 
that his investigations related to ‘transcendental 
mathematics, applications to mechanics, elec- 
tricity and magnetism, optics, the theory of 
gases, molecular physics, animal physiology, 
the theory of the earth, metaphysics and psy- 
chology.” 


“He discovered the mechanical action between 
electric currents, and he established mathcmat- 
ically and by physical demonstration the law of 
that action. This Maxwell declared to be one of 
the most brilliant achievements in science; for 
the whole, theory and experiment, had ‘leaped 
full grown. and fully armed from the brain of the 
Newton of electricity,’ perfect in shape, unassail- 
able in accuracy, and summed up in a formula 
from which all the phenomena could be deduced 


—the cardinal formula in electrodynamics.” 


“Thanks chiefly to the efforts of Mascart, the 
name of Ampére has been adopted universally 
1 Quotations are from ‘‘Pioneers of Electrical Communi- 


cation-~André Marie Ampére—II,” by Rollo Appleyard, 
Electrical Communication, January, 1927; 


Ampére’s Home at Polémieux Donated in 1928 by Colonel 

Sosthenes Behn and the Late Mr. Hernand Behn to the 

Société Française des Electriciens as a Symbol of Universal 
Tribute to this Great French Genius 


as the designation of the unit of electric current, 
and thanks largely to Joubert his memoirs have 
been reproduced for posterity. Yet, if there is 
ever to be a temple of scientific research in Paris, 
devoted in the noblest sense, to the welfare of 
mankind, France may appropriately write across 
its portal the name of Ampére, for his gifts to 
humanity can be repaid only in contributions 


that further the purpose for which he lived.” 
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ommunication Pioneers 


Samuel Finley Breese Morse 


AMUEL FINLEY BREESE MORSE, 
founder of the National Academy of De- 
sign, the first in America to occupy a chair 

of fine arts, and a distinguished portrait painter, 
carried on his original experiments with the tele- 
graph at New York University in Washington 
Square, New York City, a century ago. He moved 
into the University building in 1835 before it was 
finished and, the stairways not being completed, 
his sitters, for a time, were discouraged from 
coming to his studio. The enforced leisure gave 
him an opportunity to experiment with the idea 
of the telegraph which he had conceived in 1832. 
He improvised a telegraph instrument, now in 
the Smithsonian Institution in Washington, and 
demonstrated it to friends early in 1836. The 
inventor continued his experiments and, at a 
select gathering in the Geological Cabinet, a 
museum of the University, on January 24, 1838, 
publicly demonstrated a perfected machine. 
When Morse asked for a message to transmit, 
one of the guests suggested the now famous words 
constituting a facetious command: ‘‘Attention, 
the Universe: By Kingdoms, Right Wheel!” This 
message was traced by four inked styluses on a 
paper tape and constituted a perfect quadrupli- 
cate record. 


Morse viewed the telegraph realistically, felt 
certain of its practicability and experimented 
extensively with batteries, overhead lines and 


Courtesy of New York University 

Bronze Memorial Tablet, Erected May 28, 1935, to Mark 

the Site of the Original New York University Building in 

New Vork City where Morse Sent the First Message by 
Electric Telegraph 


cables. Due largely to his efforts, the system 
developed by his company, the Magnetic Tele- 
graph Company, was adopted throughout the 
world and is today being used in rural areas 


virtually unchanged. 
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Australia-Tasmania Cable 


ASMANIA’S separation is ended,” 
quotes The Mercury, one of the 
leading newspapers of Tasmania, 
following the inauguration of telephone service 
over the new Australia-Tasmania cable on 
Wednesday, March 25, 1936. The service was 
opened officially by the Prime Minister, whose 
voice was transmitted with perfect clarity 
through the cable from Albury to the gathering 
at Hobarts Hotcl, Tasmania, assembled to take 
part in the inauguration ceremony. 

“The opening of this service tonight marks the 
ultimate achievement of an Australian telephone 
service which is truly national,” said the Prime 
Minister, “and it is, therefore, with feelings of 
pride and deep gratification that I declare the 
line between Tasmania and the mainland open 
for regular business.” 

The communication channel requirements for 
which the cable is designed are five telephone 
circuits, seven duplex telegraph circuits, and a 
channel for the transmission of broadcasting 
programmes. 

The methods employed to provide the required 
number of circuits may be briefly described as 
follows: 

A specially designed carrier telephone system, 
having its terminal equipment at Apollo Bay and 
Stanley and a repeater station at King Island, 
providing five carrier telephone channels and a 
physical or voice frequency channel, the latter 
being brought out at the King Island Repeater 
Station so as to provide communication with 
Currie in addition to carrying through traffic. 
Three of the channels are extended to Melbourne 
on the Victorian side and to Launceston on the 
Tasmanian side. This extension is made by means 
of two further carrier telephone systems, one 
system providing three channels between Mel- 
bourne and Apollo Bay and a second providing 
three channels between Stanley and Launceston, 
with one channel permanently extended to Ho- 
bart. These systems are 3-channel open-wire 
systems of the type already in extensive use in 
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Australia. Each of the three carrier telephone 
systems is of the single sideband, suppressed 
carrier type. 

The remaining two telephone channels in the 
cable will, for the present, remain as spares. A 
broadcast programme circuit is obtained by 
means of a separate carrier telephone system. 
This operates in a frequency range above that of 
the carrier channels, and is thus operated simul- 
taneously over the same open-wire lines and 
cable. It has its terminal equipments at Mel- 
bourne and Hobart, with repeaters at all inter- 
mediate stations. Seven duplex telegraph circuits 
will be obtained by applying a voice frequency 
telegraph system to one of the carrier telephone 
channels. Further channels up to a total of six- 
teen can be added later if desired. The voice 
frequency telegraph equipment will be located at 
Melbourne and Launceston, certain of the tele- 
graph channels being extended to Hobart by 
means of composite equipment. 

The submarine cable section of the system 
represents an advance in several respects on 
previous achievements in the art of telecommuni- 
cation, and is the first submarine cable of this 
type to be equipped with a repeater station at its 
mid-point. The repeater equipment compensates 
for a cable attenuation of about 70 db. in each 
cable section at 42.5 kc., and amplifies the 
telephone channels simultaneously by means of 
one of the first commercial applications of the 
Black “negative feedback” type of amplifier. 
The cable is also the first submarine cable of 
comparable length to be operated with balanced 
two-wire carrier channels, and an important 
problem was that of designing and constructing 
balancing networks which would take full ad- 
vantage of the uniformity of cable character- 
istics obtained by extremely careful manufacture 
of the cable, and thus enable the possibility of 
balanced channels to be fully exploited. 

The system was designed and the equipment 
manufactured by Standard Telephones and 
Cables, Limited. The cable was manufactured 
and laid by Messrs. Siemens Bros. & Co., Ltd. 
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Ten Years’ Experience In The Maintenance of Rotary 
Automatic Equipment in Spain 


By G. N. SAURWEIN, 


Director of Construction and Maintenance, 


and MANUEL MARIN, 


General Supervisor of Maintenance, Compañia Telefónica Nacional de España, Madrid, Spain 


EFORE entering into a discussion of the 
maintenance of the Rotary Automatic 
equipment in Spain, a general impression 
of the telephone situation as it existed in this 
country when the Compañia Telefónica Nacional 
de Espafia was granted its concession will be of 
interest. Only with a realization of what this 
situation was, can the reader form an idea as to 
the size of the task which was faced in the train- 
ing of a maintenance organization. 

The first telephone communication in Spain 
took place in Barcelona on December 16, 1877, 
one year after the invention of the telephone, but 
notwithstanding this auspicious beginning, the 
development of the service was extremely slow. 
The difficulties were the lack of any definite 
national policy in coordinating the many inde- 
pendent and municipal enterprises which -were 
attempting to operate a telephone service, and 
the terms under which the former were licensed 
to do business—terms which effectively stifled 
any tendency to build for the future. The Span- 
ish Government, on August 25th, 1924, entered 
into a contract with the Compafiia Telefénica 
Nacional de Espafia for the construction and 
operation of a unified national telephone system. 
The following paragraph taken from the Decree 
authorizing the execution of the contract gives 
an idea of the conditions at the time: 

“The causes that have brought about the present 
telephone situation in our country must be looked for in 
the heterogeneous character of the system as a whole; in 
the voluminous, varied and even contradictory and 
antiquated special legislation; in the veritable mosaic of 
administrative contracts which, inspired by said legislation, 
regulate the numerous concessions operating to-day; and 
finally, in the fundamental error, so far as this service is 
concerned, of conceding the construction to an entity, 
and, in consideration therefore, granting to it the rights of 
operation, conditional upon the gratuitous reversion (of 
the plant) to the State in a period of greater or less length.” 

One of the outstanding characteristics of the 
contract was the requirement that within five 


years from the date on which it took effect 
automatic service should be established in the 
seventeen principal cities of the country, and that 
high grade long distance facilities should be ex- 
tended throughout the peninsula to all of the 
provincial capitals and to all county seat towns 
of more than 8,000 inhabitants. This, in addition 
to presenting a construction problem of. major 
importance, emphasized the need of developing a 
maintenance force capable of keeping the new 
plant operating at maximum efficiency. The 
formation of an organization for the maintenance 
of automatic exchange equipment was no easy 
task, since the experience of the personnel 
available had been gained in working with a 
large diversity of antiquated apparatus and 
markedly different methods of operation. These 
employees had been accustomed to doing their 
work according to their own ideas, and any sys- 
tem of definite and unified method of procedure 
was completely unfamiliar to them. 

To give a concrete idea of the amount of work 
accomplished in the early years of the Company, 
the following figures are shown: 


Au- Di The 
ust | cember 
Îo24 | 1935. | crease 
Number of Rotary Automatic Ex- 
changes, Type 7-A........... — 26 26 
Number of Rotary Automatic Ex- ` 
changes, Type 7-B........... — 22 22 
Number of Telephone Exchanges| 627| 3,110| 2,483 
Number of Telephones Connected 
to Automatic Exchanges...... — {217,702 |217,702 
Total Number of Telephones. . ./78,525 )329,130 |250,605 
Kilometers of Long Distance Cir- 
CULES shoei SG te aaa IA 40,000 |336,991 |296,991 
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In addition to the development indicated 
above, there was also involved the installation of 
repeater stations, of underground distribution 
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systems, of submarine cables, and of radio- 


telephone stations connecting the network of the | 


peninsula with cities in North Africa, the Balearic 
and Canary Islands, and South America. 
Coincident with the undertaking of this con- 
struction program, the company established a 
school for the training of personnel for all 
branches of its activities, and an important 
section of this school was that occupied with 
instruction in the theory and practice of the 7-A 
Rotary Automatic Equipment, where men were 
trained to take charge of maintenance in the 
automatic exchanges being built in the important 
cities throughout the country. For the theoretical 
instruction incomplete schematic circuits were 
used in which the relays and other pieces of 
apparatus were indicated but the electrical con- 
nections were omitted. The students traced the 
progress of the establishment of a communication 
by drawing in these connections in the order of 
their use. A conventional system of circuit dia- 
grams was adopted, making it easy to see, at any 


step during the progress of a selection, which 
relays and magnets were in an operated, and 
which were in a normal condition. These pre- 
liminary studies of the theory of operation of 
component parts of the equipment were followed 
by further studies of the Rotary system as a 
whole, as well as of special features of the system 
not utilized in the establishment of a normal 
connection. 

To provide for practical instruction a shop was 
set up where the students were trained to mount 
and dismount apparatus, to use the tools and 
measuring instruments necessary for the ad- 
justment of switches, relays, etc., and at the 
same time to become acquainted with the ad- 
justment constants and limits specified by the 
manufacturer. Finally, with a model of the 7-A 
system built specially for demonstration and 
study, incorporating line finders, registers, link 
circuits, 2nd and 3rd group and final selectors, 
practical instruction was given in the operation 
of the equipment and the detection of troubles 


7-A Rotary Automatic Equipment, Madrid—Gran Via Exchange 
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7-A Rotary Automatic Equipment, Madrid—Gran Via Exchange 


previously. introduced. by the instructors. 

In the instruction of the student mechanics, 
special care was taken to instill in them the idea 
that the maintenance of automatic equipment 
consists in keeping its component parts within 
the limits of adjustment necessary for their 
proper functioning. In general, this result may be 
accomplished in two ways, the corresponding 
methods being known respectively as preventive 
maintenance and corrective maintenance. 

Preventive maintenance is based upon the use 
of appropriate systematic or routine tests of the 
equipment under conditions more severe than 
those of normal operation, in order that the weak 
points which show up may be corrected before 
they have had a chance to cause interruptions in 
the service. This same procedure also, of course, 
results in the detection of those actual faults 
which may not have been located as a result of 
investigation of service complaints. 

Under corrective maintenance the weak points 


are not detected until they have actually caused 
service interruptions, after which the necessary 
repairs are made. 

Both systems have been used extensively in 
telephone operations, and although the adherents 
to the second system often maintain that for a 
given class of service the corrective method is 
more economical, a sufficiently comprehensive 
study shows that the weak points, or latent im- 
perfections, if allowed to develop, are apt to 
produce epidemics of troubles and failures which 
must be immediately attended to, with a result- 
ing unequal load on the personnel. This ineffi- 
cient use of labor inevitably increases the cost of 
maintenance, and since the system also involves 
repairs or replacements which under preventive 
maintenance might have been corrected by a 
simple adjustment, the material cost of main- 
tenance increases as well as the labor cost, well 
illustrating the old adage that “a stitch in time 
saves nine.” While the above comparison is made 
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on the assumption of a given class of service, the 
highest class of service possible under corrective 
maintenance cannot approach the quality of 
‘service possible with preventive. maintenance. 
The corrective method was the only one used by 
any of the many telephone companies and ad- 
ministrations in Spain before 1924. The C.T.N.E. 
adopted from the very beginning the principle 
of preventive maintenance in all phases of its 
operations, and especially in the automatic 
plant, taking full advantage of the routine test 
circuits with which the 7-A Rotary System is 
equipped. 

The detection of weak points apt to cause 
failures as well as that of actual troubles, was 
effected: by the joint use of the following five 
procedures: 


(1) Routine tests and systematic inspections; 
(2) Concentration tests; 

(3) Spot calls; 

(4) Investigation of ‘‘holdovers”’ ; 

(5) Service observations. 


With the automatic equipment in Spain the 
routine tests, as has been mentioned, consist in 
checking the operation of each unit by submitting 
it to conditions more severe than those of normal 
service. By this means, the poorly adjusted 
relays and machines are easily located, as well as 
poor contacts in the various circuit elements, 
such as the springs of relays, jacks, and keys, the 
brushes of selectors, finders, and interruptors, 
etc., and also any other abnormal circuit condi- 
tions which interfere with the satisfactory es- 
tablishment of a connection. Furthermore, there 
are certain parts of the equipment which are used 
infrequently and which therefore would ac- 
cumulate dirt and dust on their contact surfaces 
if they were not subjected to the routine tests. 

Routine test circuits are installed in all of the 
different groups of equipment in such a way that 
each machine in the group may be tested. The 
test proceeds automatically until a fault is en- 
countered, when the progress of the test stops 
and an alarm is given. The employee carrying 


7-A Rotary Power Equipment, Madrid—Gran Via Exchange 
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out the test, records on an appropriate form the 
number of the routine and the number of the 
machine affected and then, after having made 
the defective machine permanently busy, causes 
the test to proceed to the next machine. With 
this procedure it is apparent that routine testing 
can be carried out with unskilled help, the trained 
maintenance man being required only for the 
diagnosis of the trouble and the corresponding 
repair in the machines reported by the routine 
test man. The usual arrangement is for the night 
shift to consist of apprentices for making the 
routine tests when there is little traffic, while the 
morning shift contains the trained men able to 
clear rapidly the faults recorded during the night 
tests. 

The systematic inspections include the adjust- 
ment of relays, lubrication and cleaning, and the 
search for weak connections, loosely mounted 
apparatus, defective parts, and other mechanical 
defects which might not be located by routine 
tests. These inspections, in the larger exchanges, 
are carried out by mechanics especially trained 
for this work. 

The concentration tests are primarily tests of 
junctions and are carried out during periods of 
light traffic. A call is put through over a junction 
in a certain group, then a second call is placed 
over the same group without releasing the first 
call, and this is continued until every junction in 
the group is occupied and has given indication 
that it is in a satisfactory condition. Then the 
calls are released one by one, and care is taken to 
verify that each release operation is complete. 

Spot calls are trial communications set up be- 
tween different subscribers’ lines. The test is 
performed with two telephones, each telephone 
being plugged into a subscriber’s line circuit at 
the main frame. The number corresponding to 
one line is dialed from the telephone connected to 
the other line, and the employee conducting the 
trials notes whether or not the connection is 
properly established, and makes his correspond- 
ing record of the number of successful calls and 
the number of failures. 

The 7-A automatic equipments installed in 
Spain have their registers equipped with a so- 
called “holdover” circuit, which indicates by a 
lamp signal the fact that a call has failed through 
some trouble in the process of selection and, while 


releasing the calling subscriber, holds the en- 
gaged machines until the maintenance man can 
locate and correct the condition which blocked 
the call. This feature is valuable in locating 
faults which develop between routine tests. 
Faults discovered in this way are definitely 
located and repaired after having involved the 
loss of only one call, and that with a minimum 
of delay to the subscriber. 

Service observations are made by connecting a 
listening circuit and also an impulse recorder, to 
subscribers’ line circuits or to first line finders. 
The observer is advised by a lamp signal when a 
call appears on any one of the circuits connected 
to the observation desk, and, after throwing a 
key to connect the listening circuit and impulse 
recorder to the corresponding circuit, makes a 
record of the time required for the reception of 
dial tone, the number dialed, the time required 
for the reception of the busy or ringing tone, the 
time taken by the called subscriber in answering, 
and the length of the conversation. If the selec- 
tion is not completed, if the line is busy, or if the 
called subscriber does not answer, the observer 
gives a mechanic the called number, the circuit 
or junction number under observation, and the 
reason for the non-completion of the call, and 
proceeds to observe another call. The circuits 
connected to the test desk for observation are, of 
course, changed periodically. Service observa- 
tion, besides bringing to light any faults which 
prevent an observed call from being completed, is 
the best method of obtaining a picture of the 
quality of service being rendered. 

With these foundations, namely, a trained 
personnel and the five test procedures which 
make up a system of preventive maintenance, the 
Company took over the care and maintenance of 
its newly installed automatic exchanges, and 
made plans to carry out the following program: 


(a) A daily routine test of each and every ap- 
paratus unit in all of its cycles of operation 
(two for first line finders, second and third 
group selectors and finals, four for con- 
necting circuits, and eleven for registers) ; 

(b) Continuous attention to all register hold- 
overs; 

(c) Checking of interoffice junctions every two 
hours; 

(d) 100 spot calls daily in each exchange; 
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7-B Rotary Automatic Equipment—Palma de Mallorca 


(e) Daily service observation of 200 calls; 

(f) Systematic inspection organized to insure 
the cleaning of each unit every two 
months, and the checking of adjustment of 
each unit against the manufacturer’s 
specifications every three months or every 
six months depending upon the apparatus. 


All faults encountered were recorded on spe- 
cially prepared forms which were later analyzed, 
and a study of these analyses over a certain 
period of time led to the conclusion that it was 
neither necessary nor advisable to carry out the 
routine tests daily for each machine in each of its 
phases of operation. Likewise an analysis of the 
results of the systematic inspections showed that 
it was not necessary to carry out the checking of 
the apparatus with the frequency previously 
established, and that the cleaning of the machines 
need not be effected as often as specified. In 
view of these conclusions, corroborated by service 
observations and an analysis of that part of 


complaints due to equipment failures, the main- 
tenance program of the automatic exchanges was 
revised to allow a greater length of time between 
successive cleanings, routine tests, and sys- 
tematic inspections. — a 

The analyses of the troubles found in routine 
tests and register holdovers brought out the 
necessity for two important measures, viz., 


(a) To keep after the mechanics in an effort to 


combat their tendency to attribute the 
majority of faults to a few favored causes. 

(b) To catalog those particular types of trouble 
which occurred with too great frequency 
in order to make a special study of them 
and get at the root of the trouble. 

In connection with the first of these, it is 
interesting to note that from a certain exchange 
in Barcelona, where a suspiciously large pro- 
portion of the faults was attributed to certain 
specific elements of apparatus, the entire staff of 
mechanics was transferred to another exchange 
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and the reports from this exchange began to show 
a preponderance of faults of the type which 
previously appeared in the reports from the first 
exchange. In order to cure the mechanics of a 
propensity to assign faults erroneously, a few 
machines of each type in some of the Madrid 
exchanges were very carefully adjusted, equipped 
with traffic meters, and then sealed. The main- 
tenance personnel was instructed upon encoun- 
tering a fault in one of these sealed machines to 
notify the maintenance supervisor without mak- 
ing any attempt to correct the fault. The results 
of this experiment appear in the following table: 


TROUBLES OCCURRING IN THE SEALED APPARATUS IN THE 
DELICIAS EXCHANGE DURING THE THIRTEEN 


MONTHS FROM NOVEMBER, 1928 TO 
DECEMBER, 1929 
Num- 
ber of |Communi- | Num- 
Circuit Ma- cations | ber of 
chines | Handled |Faults 
Sealed 
Register ojii cada ati oases 2 660,971 13 
First Selectors.............. 2 126,473 1 
2nd Selectors (local)......... 2 262,929 1 
2nd Selectors (incoming)..... 2 111,679 1 
3rd Selectors............... 2 159,583 2 
Final Selectors............. 2 61,167 1 


These tests produced three excellent effects: 


(a) They emphasized the value of preventive 
maintenance by showing the excellent 
results that can be obtained by carefully 
and skilfully made adjustments. 

(b) They demonstrated to the mechanics the 
high quality and efficiency of the equip- 
ment. 

(c) They consequently dispelled in the mechanics 
a tendency toward laxity and indifference, 
a phenomenon which might be called 
‘maintenance sickness’’; in other words, a 
slow and steady decay of morale caused 
by repeated faults which, because they 
are not conscientiously and permanently 
corrected, gradually come to be considered 
as inevitable and inherent in the system. 


Continuing along these lines, and in view of the 
results obtained, there was prepared in 1930, with 
the aid of engineers from the International Tele- 
phone and Telegraph Corporation, a tentative 
frequency schedule for routine tests with longer 


intervals between successive tests on the same 
equipment. This schedule, with a careful dis- 
tribution of the work through the month, was 
used for a trial period of six months in six repre- 
sentative exchanges, two chosen from areas 
containing four central offices, two from those 
containing two offices, and two from single office 
cities. In making these choices as representative 
as possible, the condition of the equipment, the 
capacity of the exchange and the geographical 
location were kept in mind. The importance of 
the latter is due to the fact that in Spain there is 
much more dust in the southern towns than in 
those of the north, and the humidity is greater in 
the northern towns than in those of the south. 
The exchanges chosen and the capacities at 
that time were: the Gran Via office in Madrid 
(10,000 lines) and Arenas in Barcelona (6,000 
lines), both four-office areas; Valencia (5,000 
lines) and Bilbao (7,000 lines) from two-office 
areas; and Cérdoba (2,000 lines) and Vigo (2,000 
lines) from single-office areas. 

Included in the instructions to the maintenance 
staff was an order to record, along with the re- 
sults of each test, the number of machines 
tested and the total time required for the test. 
Also with each fault recorded was to be noted the 
time required in locating the trouble and the time 
used in correcting it. Every month the reports 
from the above mentioned six exchanges were 
examined and analyzed, and compared with 
reports from similar exchanges operating under 
the old frequency schedules. 

During the first month spot calls and service 
observations showed that in the six exchanges 
where the new schedules were in effect, the 
quality of the service had not decreased but had 
continued at the same level as in the previous 
months, and an analysis of the faults encoun- 
tered in routine tests did not show any increase, 
nor was any increase noted in the number of 
register holdovers. Thus it was immediately 
demonstrated that the frequency of the tests 
could be diminished without increasing the 
number of latent troubles. In the following 
months, as the analyses were continued, they 
brought out and consistently confirmed the 
important fact that the total number of faults 
in a given period of time was actually less when 
the frequencies of routine tests and systematic 
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inspections were decreased. Part of this phe- . 


nomenon may be explained by the fact that the 
repairs were perhaps being made with more care 
and precision in the six exchanges under experi- 
ment, but the important conclusion was that, in 
making adjustments, checking conditions, and 
carrying out tests, the mechanics were actually 
producing faults or maladjustments in the same 
or other parts of the equipment, and that, there- 
fore, the less often the equipment was touched, 
within the limits of maintaining satisfactory 
service, the fewer the faults encountered. After 
the analyses of the results in these six exchanges 
had continued for six. months, consistently con- 
firming in each of them the above conclusion, the 
decision was made to economize on labor and 
material costs by radically reducing the fre- 
quency of tests and inspections. 

In order to arrive at the extent to which this 
reduction could be carried, standards or bogeys 
were established fixing: 


(a) The trouble expectancy for each type of cir- 
cuit or machine per routine test; 


(b) The number of register holdovers per day 
permissible in each class of exchange. 


In keeping with these standards, new fre- 
quency schedules for the routine tests and sys- 
tematic inspections were worked out for each 
class of central office, and after these were in- 
troduced the effect on the service was checked by 
means of service observations and spot calls. 
The application of the new frequencies to the six 
exchanges mentioned above resulted in the fol- 
lowing reductions in time spent on routine tests: 


Hours per Month Spent on Routine Tests, 
Before and After the Change in Schedules 
; Semi- 
Dail; Weekl Monthl Total f 
Exchange Routine Routine monthly Routine Month 
Be- | Af- | Be- | Af- | Be- | Af- | Be- | Af- | Be- | Af- 
fore | ter | fore| ter | fore] ter | fore] ter | fore ter 
Madrid, 
Gran Via | 740/15 |— | 80}—| 5 |— | 25 | 740 |125 
Barcelona, 
Arenas 438 | 7 26 2 15 | 438 | 50 
Valencia |350| 6 16 2 13 | 350 | 37 
Bilbao 531| 9 32 3 19 | 531 | 63 
Cérdoba 81; 2 6 0.6 3) 81| 11.6 
Vigo 96; 3 7 0.7 3} 96| 13.7 


During the six month period of trial for the 
new schedules, inspectors from Madrid visited 
the exchanges and studied the time necessary for 
carrying out each phase or cycle of each test, and 
the time required in locating troubles and in 
correcting them. The time figures reported for 
these operations in the six offices were averaged 
and the resulting figures were used as unit or 
standard values, some of which are indicated 
below: 


Simple Test |Complete Test 
Machines Num- Num- 
ber of | Unit | ber of | Unit 
Oper- | Time] Oper- | Time 
ations ations 
First Line Finders....... 63,744) 6” | 31,872) 12” 
Connecting Circuits...... 200,376} 7” | 50,049 | 28” 
Registers -enoar o gaia bse 99,900 | 12” | 13,320 | 100” 
Local 2nd Selectors...... 32,640| 4” 8,160 | 10” 
Incoming 2nd Selectors. ..| 32,520) 10” 8,130 | 23” 
Third Selectors.......... 79,920; 4” | 19,980; 10” 
Final Selectors........... 105,600; 10” | 26,400; 23” 


In collaboration with engineers from the In- 
ternational Telephone and Telegraph Corpora- 
tion, these unit time values, together with proper 
allowances for miscellaneous maintenance duties, 
sick leave, vacation leave, etc., were applied to 
the new frequency schedules in order to calculate 
the personnel required to carry out the new 
maintenance procedure. The result in reduction 
of personnel in the six offices under special 
observation is indicated below: 


Old Or- | New Or- 
ganization | ganization Reduc- 
Exchange ti 

Number of/Number off "°P 

Employees |Employees 
Madrid, Gran Via....... 23 11 12 
Barcelona, Arenas....... 13 7 6 
Valencia perri ana Eais 15 8 7 
Bilbao: eiere ese es 17 9 8 
Cérdoba..............- 3 2 1 
WAS Ors ee he ok ee UD ea 3 2 1 


The new organization was then extended to all 
the remaining 7-A Rotary Automatic exchanges 
in Spain with a corresponding economy in 
personnel and a notable improvement in the 
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rp a 


quality and uniformity of the service in all 
offices. 

With this practical demonstration of the 
efficiency of the new maintenance plan, the 
engineers of the International Telephone and 
telegraph Corporation proceeded to incorporate 
it into a system instruction published as ‘‘Ro- 
tary Automatic Central Office Maintenance 
Practices.” 

As a measure of the efficiency of the work of 
the central office equipment maintenance per- 
sonnel and to provide a just basis of comparison 
of efficiency between the various central offices, 
there was adopted by the International System a 
method of evaluating in 10-hour work units the 
normal time required to maintain any given 
central office. A figure or coefficient was estab- 
lished for each type of equipment representing 
the time required (expressed as a fraction of 10 
hours) to maintain one unit of that equipment 
over a period of three months. Thus the total 
time, expressed in 10-hour units, required to 
maintain any given central office for three months 
is the sum of the products obtained by multi- 
plying the equivalent time values or coefficients 
for each type of equipment by the respective 
number of machines or elements of that type in 
the office. The number of employee hours ac- 
tually expended in the maintenance of a central 
office for three months, divided by the normal 
time required, as measured in 10-hour work units, 
gives an index of efficiency which is expressed 
as the number of employee hours expended in 
accomplishing maintenance work which should 
normally require 10 hours. As this system of 
measuring maintenance effort takes into con- 
sideration the actual equipment installed in each 
central office, it is evident that, as a basis of 
comparison, it is much more accurate and satis- 
factory than those based on ‘‘men per thousand 
lines” or ‘‘man-hours per line per year,” as 
neither of these latter plans takes into considera- 
tion or makes allowance for the “traffic size” of 
an office, or whether it includes automatic 
toll switching apparatus, interoffice trunk cir- 
cuits, message registers, or other miscellaneous 
equipment. 

The efficiency of the central office maintenance 
forces in typical offices and for the C.T.N.E. as 
a whole for the first quarter of 1936 is given 


below, both as measured by the 10-hour work 
unit plan and by the number of employees per 
thousand lines. 


Average Time Em- Number of 

Exchange a Bogie 

Work Unit 1,000 Lines 
Madrid, Gran Via.......... 6.97 0.91 
Barcelona, Arenas.......... 7.55 0.93 
Valencia ee poies a aaa 8.29 0.88 
Bilba siie aya was Oa ae tes 7.80 1.03 
Cérdoba....... 6.0... e eee 7.54 0.61 
NIBO onic Regt 24 Se IGNE daa 9.38 0.90 
Spain (all 7-A offices)....... 8.22 0.93 
Spain (all 7-B offices)....... 8.08 0.67 

Spain (all Rotary Auto- 

matic offices)............ 8.20 0.90 


Early in 1930, coincident with the adoption of 
the revised maintenance procedure in the 7-A 
Rotary equipment, the C.T.N.E. adopted, for 
small single office areas; the 7-B Rotary equip- 
ment. In fixing the maintenance practices for 
these offices, the same procedure as used in the 
7-A offices was followed; and, due to the small 
size and low calling rate of these exchanges, to- 
gether with the more simple circuit and appara- 
tus units involved, it immediately became 
apparent that attendance of trained equipment 
personnel would not be required during the 
entire 24 hours of the day. Experience in these 
offices over a 6 year period and with a present 
total of twenty-two such offices, averaging 1,500 
lines capacity each, has shown that one trained 
maintenance man cannot only take care of the 
central office equipment, including toll boards, 
power plant, etc., but also can maintain all 
associated private branch exchange installations 
in the exchange area. During the hours when the 
maintenance man is absent from the central 
office, all alarm signals are transferred to the toll 
board, and the toll operating personnel is 
instructed to call the maintenance man in case 
of an equipment alarm. In practice it has been 
found that the maintenance man is called to the 
office to attend to these alarms on the average of 
three times per year per office. 

The end of 1935 marked for the C.T.N.E. the 
completion of ten years’ experience in the main- 
tenance of Rotary Automatic central office 
equipment. As has been shown, this experience 
was divided into three periods: first, the theoreti- 
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cal and practical training of inexperienced per- 
sonnel for the maintenance of a rapidly increasing 
number of Rotary Automatic offices; second, the 
careful and systematic development of exact data 
on results both as to service and costs, and the 
development from this data of exact and ade- 
quate procedures; and third, the carefully super- 
vised application of these procedures in a 


constantly increasing number of central offices, 
which reached a total of forty-eight at the end 
of 1935. The results have been satisfactory not 
only to the Company as regards cost, but also 
to the telephone using public as regards service, 
as indicated by the fact that less than 0.5% of 
all calls placed in these exchanges are unsuccess- 
ful due to failure in the equipment. 


““Micro-Ray Communication,” by Messrs. W. L. McPherson and 
E. H. Ullrich, the paper published in abstract form in the April, 1936 
issue of Electrical Communication, has been awarded the Institution 
Premium—the highest award a paper can receive from The Institu- 
tion of Electrical Engineers. This paper was read before the Institution 
on January 30, 1936 and has been published in full in the June, 1936 
issue of The Journal of the Institution of Electrical Engineers. 


The 7-A.2 Private Automatic Branch Exchange 
in a Government Building at The Hague 


By IR. A. J. EHNLE, E.I, and IR. M. J. M. VAN GASTEL, E.I. 
Municipal Telephone Administration, The Hague, Holland 


General 


HE building, situated 30, Bezuidenhout, 
The Hague, to-day lodges three minis- 
terial departments: the Ministry of 
Agriculture and Fishery, the Ministry of Com- 
merce, Industries and Navigation, and the 
Ministry of Social Affairs. It is important that a 
community of such a size should have a reliable 
telephone installation capable of carrying a 
heavy load and giving to its extensions as many 
facilities as are consistent with simple attendant’s 
service and easy maintenance. This is the reason 
why, for handling incoming and toll calls, choice 
was made of the “old fashioned” plug and jack 
type of switchboard with a multiple field con- 
taining jacks which are individually connected 
to all subscribers by fixed wires. 

The automatic P.B.X. was developed by the 
Bell Telephone Manufacturing Company, Ant- 
werp, at the request of The Hague Municipality, 
on the basis of the 7-B junction diagram but 
equipped with 7-A.2 group selectors and final 
selectors (300 points) and 200 point finders. This 
system was chosen because it combines the ad- 
vantages of simple, straight-on connections 
which are in the highest degree independent of 
bypaths, and of normal gear driven apparatus, 
well known by the maintenance people. 

Call-back facility by means of a push button, 
earthing one of the two wires of the telephone 
set, is introduced. Automatic transfer by means 
of this push button is not accepted, but transfer 
of incoming and outgoing city connections is 
possible, in an easy way, with the help of the 
attendant, as described later. 

The P.A.B.X. has an attendants’ board consist- 
ing of two positions. The new automatic installa- 
tion replaces four separate manual boards with a 
total of six attendants’ positions. These latter 
boards were so loaded with city calls that satis- 
factory local service was practically impossible. 
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As a consequence the automatisation caused a 
very considerable increase of local traffic. 

The installation of the P.A.B.X. was carried 
out by the installation department of The 
Hague Municipal Telephone Administration. 
The cutover took place on March 14, 1936 and 
the service, since rendered by the P.A.B.X., has 
been very satisfactory. 


Facilities and Method of Operation 


Local calls are obtained by dialing a 3-digit 
number (a 4-digit number in the future, see level 
numbering scheme) after receipt of the local 
dialing tone (quickly interrupted tone). The 
standard busy and ringing tones are given. The 
connection, when completed, is under the control 
of the calling party but, if desired, delayed back- 
release can be introduced. 

Calls to the attendants’ board are made by 
dialing the single digit “1” or “9,” which gives 
access to two separate groups of attendants’ 
lines. The instructions for the attendants are 
such that calls, for which “9” has been dialed, 
have preference in being answered. Only a 
restricted number of subscribers is authorized to 
dial “9,” whereas digit “1” is intended for general 
use. 

False calls and wrong number calls are directed _ 
to the attendants’ board. For signaling false 
calls, a delay of approximately 25 seconds is 
introduced. 

The city service is arranged on the basis of 
“automatic out” and “attended in.” 

An outgoing city call is originated by dialing 
“0” after receipt of local dialing tone. When the 
city dialing tone is received, the number of the 
wanted city subscriber is dialed. Should all the 
outgoing city lines be busy at the moment ‘‘0” 
is dialed, continuous hunting takes place until a 
line becomes free or the local party gives up the 
call. Any local station may be debarred from 
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originating outgoing city connections. If on-such 
a station “0” is dialed, the local dialing tone is 
immediately reconnected to the line, indicating 
that no city connections can be made. 

Incoming city and toll calls are signaled on the 
attendants’ board and are extended to the 
wanted local party by means of a cord plugged 
into the local subscriber’s multiple jack. Means 
are provided for offering a city call on an existing 
connection and breaking down this connection 
if it is a local one. City connections cannot be 
broken down. 

On all city and toll connections call-back 
facilities are provided. For calling back, the 
P.A.B.X. subscriber depresses the push button 
on his set and, on receipt of the local dialing tone, 
dials the number of the wanted local party, after 


Government Building, 30, Bezuidenhout, The Hague 


which the connection is established in the usual 
manner. Meanwhile the city line is held busy. In 
order to return to the city connection, the 
P.A.B.X. subscriber again depresses the push 
button. 

The attendant may be called in on any city or 
toll connection by calling back in the usual way 
and dialing ‘‘1”’ or “9.” According to the require- 
ments, the local party may, after having been 
answered by the attendant, return to the city 
connection by depressing the push button, or 
have the connection transferred by the 
attendant. 

Outgoing calls can be prepared by the attend- 
ant and extended to the local subscribers in the 
same way as is done for incoming calls. 

Night service is obtained by switching in- 
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coming city lines directly to selected extension 
lines. 


Junction Diagram 


The junction diagram is shown in Fig. 1. The 
amount of apparatus shown on the diagram re- 
fers to the present (initial) capacity. By suitable 
changes, the diagram may be maintained during 
all stages including the final stage for a capacity 
of 1,200 local subscribers. 

The calculation of the number of switches is 
based on the following assumptions: 


Calling rate in busy hour............. 1.5 
Subdivision of calls: 
Localecall Scocco reinen i na Phe 65% 
Outgoing city calls................. 30% 
Calls to attendants’ board........... 5% 


Average holding time: 
Local calls and calls to attendants’ 


Oard). rerea Sitesi Ree teed es 100 seconds 


150 seconds 


Traffic handled via the attendants’ board is 
twice the automatic outgoing traffic. 

10% of the total time for city connections is 
used for calling back. 

On the line finder side, the subscriber lines 


(call-back lines included) are divided in groups 
of maximum 200 in accordance with the use of 
200 point line finders. On the final selector side, 
the subscriber lines are divided into groups of 
maximum 300 in accordance with the capacity 
and the numbering scheme of the final selector. 

The subscriber lines are multipled to the 
attendants’ board and equipped with multiple 
jacks. 

One common group of registers is provided. 

In the present stage, two (incomplete) line 
finder groups and one final selector group are 
used. 

Local calls are handled via a group selector 
level and a final selector. 

Two other group selector levels are used for 
calls to the attendants’ board (single digits “1” 
and ‘9’’), and one level is used for false calls and 
wrong number calls. These lines are jack-ended 
and are provided with calling lamps. 

Provision has been made for using one group 
selector level for tie line service to other 
P.A.B.X.’s in case it should be required in the 
future. 

The city traffic is handled via two separate 
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Fig. 1—Junction Diagram for 7-A.2 P.A.B.X. 
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Fig. 2—Floor Plan of Switching Room 


groups of lines, one group for outgoing, and the 
second group for incoming calls. 

Outgoing lines are reached automatically 
(dialing “0”) via a level of the group selector or 
manually via jacks on the attendants’ board. 
Provision is made for double level hunting, a 
feature which will be used when the number of 
outgoing lines exceeds the capacity of one group 
selector level. 

Incoming lines terminate on the attendants’ 
board and are each equipped with a jack, a 
calling and a busy lamp. 

For extending city calls and for answering 
purposes, use is made of one standard type of 
attendants’ cord provided with a three position 
key (normal, answering, and ringing) and two 
supervisory lamps. 

For both kinds of city lines, Fig. 2 shows the 
call-back lines to the line finder arcs over which 
call-back connections are set up. A call-back 
toa P.A.B.X. party is completed in the same way 


as a regular call. On a call-back to the attendant, 
the call-back line transmits an indication from 
the register back to the city line, with the result 
that a signal is given to the attendant to enter 
the connection. 

In the case of a call-back signal on an incoming 
city connection, the operator enters the connec- 
tion by depressing the key associated with the 
corresponding cord. 

In the case of an automatic outgoing city 
connection, the call-back signal is given by means 
of the calling lamp of the outgoing line, and the 
operator enters the connection by plugging a 
cord in the corresponding jack. By means of the 
cord, the connection may be transferred from the 
originating to a second party. 


Numbering Scheme 


As previously mentioned, six. group selector 
levels are intended for special purposes and four 
levels may be used for connecting 300-point 
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Fig. 3—Part of the Switchrack, Cabling Side 


final selectors, giving an ultimate capacity of 
1,200 local lines. : 

For special services single digits 0, 1, and 9 are 
used (outgoing city connections, normal and 
preference calls to the attendant, respectively}; 
for tie line calls two digit numbers 20-29 have 
been reserved. 

The local line numbering is as follows: 


300 line capacity: 300-599 
600 line capacity: 300-899 


Beyond this capacity 4-digit numbers will be 
used: 


900 line capacity: 3000-3899 . 
1,200 line capacity: 3000-3899, 4000-4299. 


The numbering in the final selector arc is 
similar to the usual arc numbering except that 
three instead of two 100-line groups are used. 


Automatic Equipment 


The automatic equipment for the present 300 


line capacity is mounted on seven bays in a 
single row. The standard switch rack height of 
4 meters is used. The length of the rack is 5.45 
meters, providing sufficient free space for mount- 
ing additional equipment for tie lines, for ex- 
tension of outgoing city lines, etc. 

Two line finder bays are used, each bay com- 
prising the complete equipment for 150 sub- 
scriber lines and 25 call-back lines (individual 
line and cut-off relays, capacity 200 lines) and 
18 link circuits (capacity 20), each consisting of a 
200 point line finder and two relays, completely 
wired, but without group selectors. 

The two groups of 18 group selectors are 
mounted on two separate bays. 

One final selector bay is used, fully equipped 
with 20 300-point final selectors, sequence 
switches, and relay sets. 

The registers and cord finders are mounted on 
two bays, one fully equipped with 5 registers, 
the second equipped with 3 registers. The cord 
finders are 100-point 12-brush finders. 

Each register comprises a set of relays, a 
sequence switch, and three step-by-step switches 
for number registering. 

One miscellaneous bay is used, accommodating 
20 outgoing city line circuits, the attendant’s 
line circuits, the false call and wrong number 
circuits, the starting circuits for the switch rack 
motor, and two sets of slow-speed interruptors 


‘with changeover keys and additional apparatus. 


Space is available for. small extensions of the 
above mentioned circuits. 

All outside connections terminate on terminal 
blocks mounted on the top of the bays and all 
cabling between the various bays, the main 
frame, and the attendants’ board is soldered to 
these blocks. For installation purposes, no solder- 
ing is required on arcs of machines, a feature 
which is of particular interest where it is expected 
that gradually extensions will have to be made. 

On the rear side, the bays are provided with 
the normal 7-A.2 Rotary Automatic System 
shielding. 

The switch rack is driven by a 1/8 hp. duplex 
motor. Two such motors have been installed, 
coupled in such a way that only one motor is 
running. In case of a failure in the a-c. mains 
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supply the driving motor is automatically 
changed over to d-c. supply. 

Four wires per subscriber line are run between 
the automatic equipment and the main frame, 
where they terminate on blocks on the hori- 
zontal side. On this side each subscriber line is, 
therefore, represented by four terminals. Three 
are multipled to the a, b, and c wires, leading to 
the attendants’ board. The fourth terminal 
corresponds to the “ʻe” terminal of the line finder 
arc and is grounded for subscribers who are not 
entitled to originate outgoing city calls. 

The floor plan for the present and the future 
equipment is shown in Fig. 2. The future equip- 
ment is shown in dotted lines. 

Fig. 3 shows a part of the switch rack (rear 
side) with the bays for the group selectors, the 
registers, and cord finders, the miscellaneous bay 
and the duplex motors. 

Fig. 4 gives an idea of the front side of the 


100-point cord finders, mounted in the lower 
part of the register bays. 


Attendants’ Board 


The equipment for the attendants’ board 
consists of the two desk-type attendants’ posi- 
tions (Fig. 5) and two relay racks. 

On the upright panel of the desk are located 
the lamps and jacks for the incoming and out- 
going city lines and attendants’ lines, the 
subscribers’ multiple jacks, and the general 
control lamp. Multipling is done in such a way 
that the complete number of city lines and local 
lines appears on each pair of adjacent positions. 

The left position is further equipped with the 
night switching keys and lamps. By means of 
a night switching key, a city line is connected to 
the local line of a night subscriber, thereby 
disconnecting this local line from the automatic 
equipment. The lamp associated with the key 
lights when the night subscriber’s line is in use. 


Fig. 4--100-Point Cord Finders 
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Fig, 5 


Two-Position Attendants’ Board 


The horizontal shelf of the desk comprises 
keys and lamps for 17 cords. Each cord is pro- 
vided with two plugs, a combined answering and 
ringing key, and one green and one white super- 
visory lamp. The green lamp lights from the 
time a plug is inserted into a local jack until the 
called subscriber answers; the white lamp lights 
at the end of the conversation and flickers when 
the operator enters into the connection. The 
answering keys (and the ringing keys) have 
only one make-contact. Contact faults on the 
keys are thus reduced to a minimum. 

The desk shelf comprises further the position 
splitting key, the listening key with a listening 
cord, the buzzer cut-off key and a dial for 
originating outgoing city connections. The 
listening cord is provided with a special type of 
plug, which enables the attendant to offer a call 
to an existing connection without breaking down 
the latter. 

All other apparatus used in connection with 
the attendants’ board, such as relays, resistances, 
and condensers, are mounted on the relay racks. 


Traffic Observation 


In the registers, provision is made for central- 
ized traffic metering, by means of which the num- 
ber of automatic outgoing calls, calls to the 
attendants’ board, and tie line calls (subdivided 
in accordance with the tie line numbering), 
which have been controlled by the registers, are 
metered separately. 

The total number of calls is also registered. 
Separate registering of local calls can be obtained 
from the final selectors. Moreover, the usual 
facilities are provided for the connection of re- 
cording ammeters and overflow signaling devices. 

Traffic observation has shown that the local 
traffic increased considerably following the in- 
stallation of the P.A.B.X. This indicates not 
only that there was a demand for telephone 
communication which could not be satisfied 
with the old equipment, but also that the quick 
and reliable service, rendered at. any time and to 
any extent by the automatic installation, tm- 
proves methods of working and results in a 
saving of time. 
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In order to give an idea of the traffic handled 
by the new installation, some traffic data may be 
of interest. The following data refer to an ob- 
servation period of one week (39 service hours); 
but, in addition, the average hour traffic and the 
busy-hour traffic are given. The busy-hour 
traffic is based on the experience that one-fifth of 
the local day traffic is handled in the busy hour. 


Traffic Originated by Traffic Handled 
P.A.B.X. Subscribers by Operators 
Incom- 
Local Calls Out- Prepared |ing City 
and Calls to ih City Con- and 
Attendant Cit © | nections and} Toll 
(call-back | Gai}, | Calls to Toll | Con- 
included) are, Recording nec- 
tions 
Total of a week....} 11,500 | 4,600 1,250 5,070 
Average hour...... 295 118 32 130 
Busy hour......... 414 165 45 182 


Call-back connections, which are classed as 
local connections in the above table, are esti- 
mated as occurring on 10% of the total number 
of city and toll connections, t.e., in the busy 
hour, 35 call-back connections are made. 

Eliminating these connections, the total num- 
ber of busy-hour calls originated by subscribers 
is 544, resulting in 1.8 busy-hour calls per 
subscriber. 


Power Plant 


The power plant is composed of a 180 ampere 
hour storage battery, a 2.6 kW three-phase 
motor generator and the necessary controlling 
and regulating equipment mounted on a panel 
which is shown in Fig. 6. 

The power plant is operated on the “floating” 
scheme. By means of the charging machine with 
regulating device, the battery voltage is main- 
tained at a fixed value, sufficiently above the 
normal voltage to prevent discharge. 

During service hours the charging machine 
operates continuously and the total load of the 
installation is carried by the machine except for 
short current peaks, which are taken care of by 
the battery. The machine is stopped during the 
night and, if energy is still required, it is supplied 
by the battery. This energy loss and also the 
losses due to the above mentioned current peaks, 
are gradually replaced during day service. 


For voltage regulation use is made of a Brown 
Boveri automatic quick-acting regulating device, 
which also includes the necessary automatic 
apparatus for establishing the connection be- 
tween the generator and the battery at the proper 
voltage and for disconnecting the machine in case 
of reversed current. The device is mounted in a 
box visible at. the centre of the panel. 

In addition to the automatic regulating device, 
the panel comprises some switches and a rheostat 
by means of which the automatic device can be 
switched off and replaced by manual charging 
control. 

Dialing tone, busy tone, and ringing current 
are taken from a small ringing and tone machine. 
In case of a failure, the tone circuit is automati- 
cally changed over to a special buzzer arrange- 
ment, whereas ringing current is supplied from 
the central exchange by means of a cable pair. 


Fig. 6—Powerboard 


Permalloys and Related Ferromagnetic Alloys—A Review 


J. C. CHASTON, B.Sc., A.R.S.M., 
Standard Telephones and Cables, Ltd., London, England 


N recent years, the demands of communica- 
l tion and electrical engineers for ferro- 

magnetic materials have | brought into 
existence a branch of metallurgy concerned with 
the production of metals and alloys with rigidly 
controlled magnetic characteristics. The me- 
chanical properties, in these cases, are of rela- 
tively minor importance. 

Two classes of these ferromagnetic materials 
may be distinguished. On the one hand there 
are the permanent magnet alloys, a group of 
magnetically, hard substances, the range of which 
has lately been extended considerably by the 
development of the aluminium-nickel-iron alloys. 
It is not proposed to deal with them in the 
present paper. Attention will be confined to the 
second group, consisting of the easily magnetised, 
magnetically soft materials including the perm- 
alloys, perminvars, and related alloys. These 
are employed whenever it is desired to provide 
an easy path for the magnetic flux, as in magnetic 
shields of all kinds, or to increase the inductance 
of a feebly energised coil or transformer by the 
use of a ferromagnetic, highly permeable core in 
which a high magnetic flux density is readily 
built up. The use of nickel alloys for this purpose 
dates from G. W. Elmen’s discovery of the 
nickel-iron alloy called permalloy, the first patent 
for which was filed in the United States of 
America in 1916. This event had a profound 
influence on the study of ferromagnetism, and 
led the way to the development and intensive 
study of a numerous series of related alloys. 
This work has been carried out in America in 
the Bell Telephone, the General Electric, and 
the Westinghouse Laboratories; in Germany in 
the laboratories of the Siemens and Halske and 
Allgemeine Elektricitaets-Gesellschaft; as well 
as elsewhere. 

The essential characteristics of this group 
of alloys are the very high values of magnetic 
permeability at low values of magnetising fields 
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(H) and the almost negligible magnetic hysteresis 
which they exhibit when they are properly heat 
treated. To illustrate these features, typical 
magnctisation and hysteresis curves for silicon 
steel and a modern nickel-iron alloy, permalloy 
C, are given in Figs. 1 and 2, and the derived 
permeability curves for the same materials, in 
Fig. 3. The remarkable degree to which the 
permalloy is magnetised at the low values of H 
is clearly shown, as well as the manner in which 
it responds with very little hysteresis lag to small 
changes in magnetising field. The two prop- 
erties are largely interconnected, and it is gener- 
ally safe to assume (though there are some 
well recognised exceptions) that the higher the 
permeability at low fields, the lower is the 
hysteresis loss. 

It may be advisable, incidentally, to make it 
clear at this stage that these materials do not 
retain their magnetic superiority when placed in 
strong magnetic fields. Under these conditions, 
when magnetic saturation is approached, they 
will not carry so high a density of magnetic flux 
as pure iron. They make less powerful electro- 
magnets and find no application in the manu- 
facture of armatures and pole-pieces of heavy 
current electric motors, generators, and similar 
equipment. 

The distinction between the behaviour of 
magnetic materials at high and low flux densities 
is important. At low flux densities, where high 
values of permeability are a measure of the 
readiness of the material to respond to feeble 
magnetic impulses, the behaviour of all materials 
is very considerably modified by mechanical 
stressing, by the presence of small amounts of 
impurities, and by previous heat treatment. 
These external factors, however, only affect the 
early speed of response of the material, and have 
little or no effect at all on the final value of flux 
which it can carry at saturation. This is a func- 
tion of the chemical composition alone; and 
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values for some representative materials are 
given below: 


Intensity of 
Magnetisation 
at Saturation: 

(B—H) at H—> œ 


50 : 50 Iron-cobalt alloy. .......... 24,000 gausses 


TOM ct sok wend Me ath pA ei aoe ROS Soe 22,000 $ 
45 : 55 Nickel-iron alloy............ 16,000 “ 
78.5 : 21.5 Nickel-iron alloy........ 10,700 “ 
3.8 : 78.5 : 17.7 Molybdenum-nickel- 

iron alloy; ia emeei teepee rit 8500 “ 
Nickel’. echo nig REEE RLRE a 6,150 “ 


The curves shown in Figs. 1 and 2 present 
most of the purely magnetic characteristics of 
the materials. In utilising these alloys it is 
generally only necessary to concentrate attention 
on a few special features of these curves, but 
such additional factors as the electrical resistiv- 
ity of the alloys and the dimensions, particularly 
the thickness, of the magnetic structure, must 
also on occasions be taken into account. The 
most important of these characteristics are set 
forth below: 


Important Characteristics of High Permeability Alloys 


A. Purely magnetic char- 


B. Complex characteristics, 
acteristics 


involving electrical re- 
sistivity and specimen 
dimensions, in addition 
to magnetic properties. 


Initial Permeability Effective a-c. initial per- 
meability at specified 


frequencies. 


Maximum Permeabil- Effective a-c. initial per- 
ity meability with superim- 
posed steady field. 
Hysteresis loss Total energy loss at 
specified frequencies. 


Determinations of the purely magnetic charac- 
teristics are usually carried out by ballistic 
measurements on a core built up from a number 
of annular ring stampings or else wound from 
narrow tape in the form of an annular coil. In 
some instances, annular rings machined from 
the solid metal have been used, and yield 
comparable results provided that the heat 
treatment applied does not involve such rapid 
rates of cooling as to introduce a mass effect. 

In preparing ring stampings, the width of the 
ring should be as small as possible, in order to 
avoid errors due to a non-uniform distribution of 


flux, but otherwise the dimensions are without 
influence on the observed results. It should, 
however, be noted that if the alloys have direc- 
tional properties—imparted as a result of the 
rolling operations or otherwise—these can only 
be detected by tests on tape cores. 

Since, in service, the alloys usually are sub- 
jected to alternating magnetic fields, direct 
measurements of effective permeability under 
operating conditions are very desirable. If the 
alternating field is of small magnitude with the 
frequency not above 100 to 200 cycles per second, 
and the sample is made from sheet not thicker 
than about 0.015 inch, the effective permeability 
is very nearly identical with the ballistically- 
determined initial permeability. Measurement 
of a-c. permeability, using suitable bridge cir- 
cuits, is, indeed, the simplest method of meas- 
uring initial permeability and is usually the 
most accurate since, even with the most sensitive 
galvanometers, the ballistic method is difficult 
to apply at very low fields. At higher frequencies 
when thicker specimens are under test, or when 
the amplitude of the alternating field is con- 
siderable, a form of ‘‘skin effect” is set up through 
the action of eddy currents and hysteresis effects 
in the material, and the value of effective per- 
meability may be much lower than the true 
permeability obtained by ballistic methods. 

The losses under these conditions are reduced 
by any factor which increases the resistance of 
the material. The use of very thin stampings, 
insulated from one another, thus often enables 
higher effective permeabilities to be obtained. 
For the same reason, it is desirable that the alloys 
should have as high a resistivity as possible. 
The effect of these factors can, of course, be 
calculated by the recognised formulæ with a very 
fair degree of precision. 

One further factor which needs to be con- 
sidered in certain cases cannot, however, be 
calculated, and it is necessary to make tests on 
each type of material to determine its influence. 
This is the action on the a-c. permeability of a 
superimposed steady field, such as may be 
produced by a direct current flowing in the 
windings of a transformer. The result is broadly 
to reduce the a-c. permeability very considerably, 
but the effect is complicated and the previous 
history of the sample needs to be considered (due 
to hysteresis effects). 
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Typical Applications of Permailoy for the Cores of Audio Frequency and Instrument Transformers and 
also as a Magnetic Shield - 


In making measurements of high precision 
during laboratory investigations on these high 
permeability alloys, the greatest difficulty which 
is encountered is that of making sure that the 
specimen is entirely free from stress. The alloys 
differ to some extent in their sensitivity to 
applied stresses; and, of their magnetic char- 
acteristics, it is the initial permeability which 
is most susceptible to the effects of small stresses. 
If, therefore, accurately reproducible results are 
to be obtained, every precaution must be taken 
to avoid stresses of any kind in the material. 
An obvious precaution against stressing while 
testing is to place the sample in a wooden, 
bakelite, or hard rubber thin walled container, 
over which the coil winding is applied. It is 
equally important, however, to avoid stresses 
being set up by adjacent layers of a coil or 
adjacent stampings in a pile sticking to one 
another during heat treatment. If this occurs, it 
is impossible to obtain reliable results. Several 
methods of prevention are available. Stampings 
may be interleaved with oxidised silicon steel 


stampings, or the surface of the alloy may be 
coated with some such substance as graphite, oil, 
paper, or a suspension of kieselguhr in water 
or carbon tetrachloride. It is always advisable 
to avoid surface oxidation during heat treatment, 
since it may give rise to contraction stresses; 
also, with stampings, to take steps to ensure 
that they will be as flat as possible after heat 
treatment. 


Trend of Recent Developments 


The original permalloys invented by Elmen 
were binary alloys of nickel and iron which 
develop high values of initial permeability only 
after suitable heat treatments.! The preferred 
heat treatment for the binary alloys consists 
in first annealing at 900° C. in a closed pot, 
in which the alloy is allowed to cool slowly 
in the furnace, and then reheating to 600° C. 
and cooling at a critical rate, usually rather 
faster than is provided by free suspension in 


1 For all numbered references, see list at end of paper. 
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still air. The superiority of this “air quenching” 
treatment over a simple anneal in developing 
high values of initial permeability in the range 
of compositions between about 50 and 85% 
nickel is illustrated in Fig. 4.2 On the other hand, 
it is interesting to note that if the alloys in this 
region, instead of being cooled rapidly, are given 
a prolonged “baking” at about 400° C., the 
initial permeabilities are reduced to very low 
values. 

The air quenching treatment, however, is 
costly and difficult to carry out with certainty 
as an industrial process. Furthermore, if the 
parts to be treated are at all massive, it may 
become impossible to cool every portion through- 
out the mass at the same rate, and thus to 
develop in them the best magnetic properties. 
Another disadvantage of the original alloys is 
that their electrical resistivity is somewhat low. 
As a result, the eddy currents which are induced 
when the alloys are used in fluctuating magnetic 
fields may appreciably reduce the effective 
permeability. Finally, it was not to be expected 
that the binary alloys should possess ideal 
characteristics for all applications, and it ap- 
peared desirable that alloys having special 
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Fig. 1—Magnetisation Curves for Permalloy C and 
Silicon Steel 
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Fig. 2—Hysteresis Curves for Permalloy C and 
Silicon Steel 


magnetic properties for specific uses should be 
devcloped if at all possible. 

The main lines of attack in an endeavour to 
overcome these difficulties have been along the 
following directions: 


(1) Addition of further alloying elements to the 
nickel-iron alloys; 

(2) Control of crystal (and domain) orientation 
by magnetic restraint during heat treat- 
ment and by cold-working; 

(3) Control of purity of the alloys. 


Development of Complex Alloys 


By far the greater part of the experimental 
work carried out during the last 15 years has 
been in the nature of a search for new alloys 
showing improved or specific characteristics; if 
possible, after a simple heat treatment. It will 
be convenient to consider these alloys in two 


groups: 

(1) Alloys having high values of permeability 
and resistivity, usually after a simple 
heat treatment; 
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Fig. 3—Permeability Curves for Permalloy C and 
Silicon Steel 


(2) Alloys in which the permeability remains 
constant from very small up to appre- 
ciable values of field strength. 


High Permeability Alloys 


The most important of the high permeability 
alloys are those in which a third element (usually 
molybdenum, chromium, or copper), and some- 
times a fourth element is added to a nickel-iron 
binary alloy. These additions invariably increase 
the resistivity and often enable very high values 
of initial permeability to be obtained with a 
simple heat treatment. 


Ternary Alloys of Ni-Fe-Cu, Ni-Fe-Mo, and 
Ni-Fe-Cr 


The only ternary alloy system in this group 
which has been completely investigated is the 
nickel-iron-copper series, and unfortunately this 
is not one which in itself exhibits magnetic prop- 
erties sufficiently striking to warrant its general 
commercial use. The exploration of this system 
has been conducted by Otto von Auwers and 
Hans Neumann,’ in the course of which ring 
stampings 2.36 inches outside diameter, 1.77 


inches inside diameter, and 0.014 inch thick were 
tested by ballistic methods. The values for 
initial permeability after annealing at 1100° C. 
in hydrogen, and after a ‘‘permalloy” double 
heat treatment (employing a first anneal at 
900° C.) similar to that described above, are 
shown in Figs. 5 and 6. It will be noticed that the 
narrow zone of composition in which high values 
of initial permeability are obtained occupies 
much the same position, whichever heat treat- 
ment is used, and it has been contended that the 
differences are due more to the different temper- 
atures used for annealing than to the difference 
in the cooling rates. Thus these alloys represent 
an advance over the binary nickel-iron alloys in 
being far less sensitive to heat treatment condi- 
tions. With the air quenching treatment, the 
greatest value observed for initial permeability 
was 13,500 for a composition of 70% nickel, 13% 
copper, 17% iron. After annealing at 1100° C., 
an initial permeability of 12,100 was found for 
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Fig. 4—Effect of Heat Treatment on the Initial Perme- 
ability of Iron-Nickel Alloys 
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Fig. 5—Values of the Initial Permeability of Aloys in the 
Nockel-Iron-Copper Series after Air Quenching the Annealed 
Alloy from 600° C. 


a composition of 60% nickel, 28% copper, 12% 
iron. 

Certain of the ternary nickel-iron-molybdenum 
and nickel-iron-chromium alloys have been used 
widely in England and America, but for neither 


of these systems are complete diagrams of their © 


magnetic properties available. It is generally 
believed that the best magnetic properties are 
obtained if the nickel content is maintained at 
about 78.5%, and Figs. 7 and 8 show values of 
initial permeability with alloys containing this 
amount of nickel and having up to 10% of iron 
replaced by molybdenum or chromium.’ The 
action of these added elements, which themselves 
are non-magnetic, in modifying the response of 
the alloys to heat treatment is very striking. 

Small additions increase the permeability ob- 
tained after double heat treatment (air quench- 
ing) but slightly larger additions enormously 
increase the permeability found after a simple 
heat treatment; so much so that, with 3.8% 
molybdenum, the highest initial permeability 
(20,000) obtainable by any heat treatment with 
any of this series of alloys is obtainable. The 
alloy with 3.8% chromium also has a very high 
initial permeability (12,000) after annealing and, 
in addition, has a slightly higher resistivity 
(Fig. 9). 

The curves shown for initial permeability are 
based on the average results obtained from a 
large number of tests. It may be advisable here 


to point out that they should be taken only as 
indicating the general trend of the relation be- 
tween initial permeability and composition, and 
that the values found for any particular sample 
are liable to vary quite appreciably from the 
average. Some of the causes for the rather large 
“scatter” invariably observed in the study of 
these magnetic materials are discussed later. 

Both the 3.8 chromium and 3.8 molybdenum 
permalloys have found a considerable application 
on account of the ease with which high initial 
permeabilities, coupled with high resistivity, are 
obtained after an annealing treatment at about 
1000° C. followed by slow cooling. It should be 
noted that the magnetic saturation of both of 
these alloys is low, and that the maximum 
permeabilities are usually lower than are ob- 
tained with the original 78.5% nickel permalloy. 
Typical values are as follows: 


Intensity of 
Magnetisation | Maximum 
at Saturation: | Permeability 
(B—H) max. 
3.8 Chromium 78.5 Nickel 
Permalloy............ 8,000 gausses 62,000 
3.8 Molybdenum 78.5 . 
Nickel Permalloy......| 8,500 “ 75,000 
78.5 Nickel Permalloy, air 
quenched............. 10,700 “ 105,000 


More Complex Alloys 


In recent years, a number of alloys having four 
or more constituents have been chosen, more or 
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Fig. 6—Values of the Initial Permeability of Alloys in the 
Nickel-Iron-Copper Series after Slow Cooling from 1100° C. 
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less arbitrarily, and in some instances exploited 
commercially. Very high values of initial per- 
meability have been recorded for some of them; 
as an instance, an initial permeability of 51,000 
has been claimed for an alloy of 72% nickel, 
11% iron, 14% copper and 3% molybdenum.*:® 
Whether such a high value is obtainable regu- 
larly in production appears doubtful. 


Constant Permeability Alloys 


For some purposes it is most desirable that the 
permeability, instead of rising steeply as the 
field strength is increased, should remain—at 
least over a limited range—constant in value. 
Alloys with such characteristics were first 
deliberately sought in connection with the con- 
tinuous loading of submarine telephone cables; 
and when, a few years ago, the project of a trans- 
atlantic telephone cable was receiving a large 
amount of attention, considerable impetus was 
given to their investigation. 
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Fig. 7—Effect of Molybdenum Additions on the Initial 
Permeability of Permalloy Containing 78.5% Nickel 
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Fig. 8—Effect of Chromium Additions on the T nitial Perme- 
ability of Permalloy Containing 78.5% Nickel 
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Fig. 9—Effect of Chromium and Molybdenum Additions on 
the Resistivity of Permalloy Containing 78.5% Nickel 


These properties were first observed in the 
binary nickel-iron alloys containing between 64 


‘and 76% of nickel after the annealed material 
‘had been “baked” or given a low-temperature 


heat treatment at a temperature between 400° 
and 500° C. for 24 hours or more. It was later 
found that the effect was very much more pro- 
nounced if cobalt were added; and an extensive 
investigation of the nickel-iron-cobalt series 
brought to light a range of such alloys, as indi- 
cated in Fig. 10, to which the name ‘‘Perminvars”’ 
was given.’ ®&7 All alloys in this range respond 


to a “baking” treatment by developing the 


perminvar characteristic of remaining constant 
in permeability as the field strength is increased 
from zero up to an appreciable value. A typical 
alloy, showing these characteristics to a marked 
degree, is that containing 45% nickel, 25% co- 
balt, and 30% iron; in Fig. 11, permeability 
curves for this material after air quenching and 
baking are given. The baking treatment reduces 
the initial permeability, but appreciably extends 
the range over which it remains unaltered. The 
air quenched alloy has an initial permeability of 
just over 600, which commences to rise at once 
when the field is increased, whereas for the 
baked alloy the initial permeability of 300 re- 
mains constant up to a field of over 3 gilberts/cm. 

One disadvantage of these alloys is their low 
resistivity, which is only 18 microhms/cm® for 
the composition quoted, but by replacing about 
7% of iron by molybdenum the resistivity is 
increased to 80 microhms/cm*. The 7% molyb- 
denum perminvar normally has a rather higher 
initial permeability than the 45-25-30 permin- 
var, but it does not remain constant in per- 
meability over so wide a range. The range of 
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constancy can be extended, however, by pro- 
longing the baking period. 

In seeking for an explanation for the behaviour 
of these alloys, it is tempting to suggest that 
precipitation of a magnetically hard constituent 
may occur during the baking treatment, the 
action being similar to the precipitation of a 
mechanically hard disperse phase in precipita- 
tion-hardening alloys such as duralumin. De- 
veloping this idea, it has more recently been sug- 
gested that the precipitated phase may consist 
of what is known as a “superlattice.” 9 10, 1, 12 
If the alloy is cooled rapidly, the atoms 
of nickel, iron, and cobalt are arranged at 
random in the crystal lattice, and in this condi- 
tion the material is most susceptible to weak 
magnetic fields. It is suggested that baking may 
cause the atoms, in some areas of the alloy at 
least, to arrange themselves in superlattices, 
in which the atoms of nickel and iron each occupy 
certain definite fixed positions. The precipitated 
constituent, whether a disperse phase or a 
superlattice, is considered to be less easily 
magnetised than the solid solution formed by 
more rapid cooling. 

It has not thus far been possible to verify 
either by X-ray or microscopical examination 
the existence of two phases in the baked alloys. 
In a recent investigation," no evidence of the 
existence of a superlattice was, on the contrary, 
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Fig. 10—Diagram Showing the Range of Composition in the 
Nickel-Iron-Cobalt Series in which the Alloys Show Perminvar 
Characteristics after a ‘‘ Baking” Treatment. 
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found by X-ray methods in the alloy containing 
69% nickel, even after annealing at 447° C. for 
1560 hours, and no compounds were detected 
in the whole range of the nickel-iron alloys. 
Bimetallic samples having a magnetically hard 
core of piano wire encased by 78.5% nickel 
permalloy have, however, been found to ap- 
proximate very closely to perminvar in their 
behaviour, which has thus been held to give 
some support to these ideas.? 

Furthermore, if precipitation of a disperse 
phase brings about these effects, it might be 
expected that other metals besides cobalt would 
form phases which could be precipitated and, in 
doing so, impart constant permeability char- 
acteristics to the nickel-iron alloys. According 
to the claims of some recent patents, such 
properties, in fact, are possessed by a number of 
elements. It is stated that if one of the metals— 
silver, beryllium, antimony, magnesium, or 
calcium—is added in amounts up to 3%, it forms 
solid solutions with the nickel-iron alloy at high 
temperatures but that on cooling the solubility 
falls rapidly. By quenching such a ternary alloy 
from 900° C. or over, there is formed a super- 
saturated solid solution which on baking at 
250-500° C. will precipitate a disperse phase. 
After this treatment, all these alloys are claimed 
to exhibit constancy of permeability over an 
appreciable range. Copper in large amounts will 
also act as a precipitable element, provided that 
the nickel content is not over about 80%. In- 
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Spiral Cores of Permalloy Strip for Instrument Transformers 


creased amounts of nickel increase the solubility 
of copper. 

By adding additional elements which are 
soluble in nickel-iron alloys, it is possible to 
increase the resistivity. Suitable resistance ele- 
ments are said to include chromium (soluble up 
to 15%), molybdenum (up to 12%), manganese 
(12%), tungsten (10%), aluminium (5%), silicon 
(5%), vanadium (5%), and cobalt (15%). A 
typical alloy made according to these principles 
contains 78.5 parts nickel, 18 parts iron, with 3 
parts molybdenum, 2 parts silicon and 1 part 
manganese as soluble resistance elements, and 
1.2 parts beryllium as a precipitable element. 
After baking a supersaturated solid solution of 
this alloy for 36 hours at 375° C., precipitation 
occurs and there is obtainable a permeability of 
850, which remains constant up to a field of 0.1 
gilbert/cm. The resistivity is 51 microhms/cm'. 


Control of Crystal (and Domain) Orienta- 
tion 


Apart from varying the composition and heat 
treatment, it is natural that the possibility of 


influencing magnetic characteristics by control 
of the microstructure and crystal orientation 
of these alloys should have been explored. The 
effect of the most easily controlled variable, 
crystal size, on the permeability and—more 
particularly—the hysteresis losses in pure iron 
and silicon iron sheet has been the subject of 
much discussion and investigation; * and it has 
been claimed that the losses are reduced as the 
crystal size increases. The view put forward by 
Yensen 4 is that the improvement is due to the 
more regular spacing of the atoms which follows 
the reduction of boundary area, near which the 
atomic arrangement is inevitably distorted. 
On the other hand, the suggestion has been made 
that material with a large crystal size is often 
better annealed, possesses less internal stress, 
and contains fewer inclusions and other im- 
purities than fine grained material; and that it is 
to these causes that the magnetic improvement 
which has sometimes been recorded must be 
attributed. In the light of recent investigations, 
it seems probable that the mere size of the crys- 
tals which make up the alloy has not in itself 
any appreciable influence on magnetic charac- 
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teristics. Most of the observations on the effect 
of crystal size have ignored the important fact 
that the crystals of many of these materials 
are themselves anisotropic; that is, that they are 
more easily magnetised along certain crystal 
directions than along others. Iron (which has a 
body-centred cubic lattice at room tempera- 
tures) is, for example, magnetised nearly to 
saturation by a field of 10 gilberts/cm. applied 
along the direction of a cube edge—the (100) 
direction—whereas it requires a field of about 
420 gilberts/em. to magnetise it to the same 
degree along a cube diagonal (111), and over 500 
gilberts/cm. along a face diagonal (110). 

Nickel crystals also possess similar marked 
directional magnetic properties in high fields, 
though in this material the cube diagonal is the 
direction of easy magnetisation. In the binary 
nickel-iron alloys, the directional properties are 
generally less strongly marked, depending on 
the composition, and in the alloy containing 66% 
nickel no directional properties at all can be 
detected. 17 

Although these directional properties are of 
very great theoretical interest, it must be pointed 
out that they are only really pronounced at field 
strengths above about 5 gilberts/cm., when the 
material is more than half saturated. At lower 
field strengths, there appears to be little differ- 
ence between the values of permeability of single 
crystals of iron measured in various crystal 
directions and, though precise measurements are 
difficult to carry out, the same is probably true of 
other ferromagnetic materials. However, some 
observers have considered that such materials 
as silicon steel and some of the complex nickel- 
iron alloys do show directional properties even 
under these conditions; 18 and it is thus of some 
interest to consider briefly how it is possible to 
take practical advantage of this characteristic. 

In a normal sample of polycrystalline an- 
nealed nickel-iron alloy containing about 50X 10° 
crystals to the cubic inch, each oriented at ran- 
dom, directional properties are naturally absent. 
It is obvious, though, that if all or a majority of 
these crystals could be arranged with their 
crystal axes parallel, the sample should show 
the directional magnetic characteristics of a 
single crystal. Such an effect can be produced by 
suitable cold-rolling or drawing operations, 
which are well known to have a tendency to 


orient the crystals in preferred positions relative 
to the direction of working. The first effect of 
cold rolling is merely to distort the crystal 
lattices, but after greater reductions, above 
about 35% in the nickel-iron alloys,!® the crystals 
proceed to “‘line themselves up.” Such preferred 
orientation, once produced, is not easily de- 
stroyed and is largely retained even after pro- 
longed annealing at high temperatures. By 
careful rolling technique,” it has been found 
possible to utilise these principles commercially 
to produce silicon iron sheet in which most of the 
crystals are arranged * with a cubic axis within a 
few degrees of the direction of rolling. In strong 
fields (of about 4 gilberts/cm.), this material has 
a permeability of about 4,000 in the direction of 
rolling, whereas- measured at right angles the 
permeability in only about one-tenth of this 
value. 

For materials which are to be operated at low 
fields, it is doubtful, however, whether any very 
great improvements are to be expected from 
sheet with preferred crystal orientation. Slight 
Improvements in the initial and maximum 
permeabilities of certain nickel-iron-chromium- 
copper alloys by the choice of optimum rolling 
conditions have been claimed,'® but the general 
experience is that such improvements, if real, 
are very small. 

This conclusion is, further, in good accord with 
modern theories concerning the nature of ferro- 
magnetism. Detailed discussion of this point 
would be out of place here but, for a brilliant and 
extremely lucid account in English of the present 
status of ferromagnetic theory and of its relation 
to such phenomena as crystal anisotropy, 
reference should be made to a recent paper by 
Dr. R. M. Bozorth.” 

For the present purposes, it must be sufficient 
to explain that the crystals of a ferromagnetic 
substance are conceived as being built up of small 
elements, each having the volume of a cube 
about 0.001 inch on an edge, and known as 
domains. The exact’ shape of a domain is un- 
known, and it is not certain whether the bound- 
aries between these domains have any relation 
with the imperfections which have been postu- 
lated as existing in all metal crystals. At room 
temperatures these domains, in iron and nickel- 
iron alloys, are believed to be always magnetised 
to saturation in the direction of one of the six 
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cubic axes of the crystals; and the magnetisation 
of the material as a whole is believed to depend 
on the extent to which all the domains are 
aligned. In an unmagnetised material, equal 
numbers of the domains in each crystal are ar- 
ranged with their magnetic axis along each of the 
six possible cubic directions. 

It is suggested that the first effect of applying 
a weak magnetic field is to enlarge those domains 
which are magnetised in the directions of the 
field, the domains magnetised in other directions 
growing shorter. The ease with which this 
boundary movement can take place depends on 
the extent to which the material is stressed 
either internally or by applied forces. Thus the 
extreme susceptibility of high-permeability alloys 
to external strain is explained. On the other hand, 
the ease of boundary movement is only very 
slightly dependent on the orientation of the 
magnetic axes of the domains, and thus of the 
crystal axes, with respect to these weak applied 
fields. 

With rather stronger applied fields, the direc- 
tion of magnetisation of some of the domains can 
be caused to change suddenly by 90 or 180 de- 
grees so as to be more closely aligned with the 
external field. The net result of these changes on 
the magnetisation of the alloy as a whole will 
obviously depend largely on the relation between 
the direction of the applied field and the crystal 
axes—and in these stronger fields single crystals 
will obviously show directional properties. 

Normally, according to this theory, the six 
directions along which a domain may be mag- 
netised are related to the crystal axes of the 
alloy. It would seem, however, from some recent 
experiments that, if certain alloys are cooled 
slowly in a magnetic field from a temperature 
above the Curie point, it is possible to align 
the domains parallel to the applied field.2*: * It is 
suggested that when the domains cool below the 
Curie temperature and thus first develop their 
magnetism, stresses are set up. If, therefore, they 
are aligned in any given direction by an external 
field, and cooled very slowly, there will be an 
opportunity for stress relief to occur, during 
which the domains will actually change their 
shape. Subsequently, it will be very much easier 
to magnetise the material in the direction of the 
field which was applied during cooling than in 
any other direction. So far, the observations 


on which this theory has been built appear to 
have been confined to tests on polycrystalline 
material, but the results are very impressive. 
Of the alloys in the nickel-iron series, that con- 
taining 65% nickel has been found to be most 
susceptible to the influence of a magnetic field 
applied during cooling. With this composition 
the maximum permeability can be increased 
from 5,000 to 250,000 by cooling slowly from 
700° C. in a field of 15 gilberts/em. The reason 
why the alloy of this particular composition is 
most susceptible to heat treatment in a magnetic 
field has been explained on the grounds that the 


temperature of its Curie point is a maximum for 


all the alloys in the nickel-iron series. This means 
that the temperature at which the domains 
first become magnetised is a maximum and that 
there is thus a maximum opportunity for plastic 
flow. This explanation is supported by the ob- 
servation that in the nickel-iron-cobalt series of 
alloys, high values of maximum permeability 
are, in general, obtainable only in the region 
where the Curie point is above 500°C. In the 
other alloys, the material is too cold and is 
insufficiently plastic to yield at the temperature. 
at which the domains are first magnetised. On 
the other hand, it may be significant that the 
alloy of 65% nickel, 35% iron is remarkable as 
showing no directional magnetic properties, and 
that this characteristic also. possibly influences 
its behaviour when heat treated in the manner 
under discussion.!7 

Reference has already been made to the effect 
of cold rolling in producing a preferred crystal 
orientation which persists even after annealing, 
and to the manufacture by this process of silicon- 
iron sheet having directional magnetic charac- 
teristics. Cold rolling operations also produce in 
some nickel-iron alloys certain magnetic char- 
acteristics which are not commonly encountered 
in sheet material. It has been found that un- 
annealed cold rolled sheet shows very little 
hysteresis loss in feeble alternating magnetic 
fields and, in addition, has a permeability which, 
although low in value, remains unaltered as 
the field strength is increased up to quite large 
intensities. Furthermore, the permeability can 
be made to remain virtually unaffected after the 
material has been subjected for a short time to 
intense magnetic fields. 

The development of such cold rolled sheet 
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with a permeability between 50 and 100, which 
remains fairly constant up to field strengths of 
about 10 gilberts/em., and with a stability be- 
low about 1%, has recently received considerable 
attention in Germany.: This product has 
been called ‘“‘Isoperm.”’ 

Nickel-iron alloys with from 40 to 60% of 
iron were first studied but it was found that, 
in cold rolling, reductions which yielded the 
minimum values of stability did not result in the 
lowest hysteresis loss. Additions of aluminium 
up to about 4% gave improved results but in- 
creased the hardness of the alloy and made 
rolling difficult. Alloys containing 36% or 40% 
of nickel with up to 15% of copper, however, 
proved more satisfactory, the precise character- 
istics obtained depending both on the degree of 
reduction by cold rolling and the heat treatment 
applied previously. Using a 50-50 nickel-iron 
alloy, it has also been found possible to increase 
the permeability by a low temperature heat 
treatment at 400° C. which leaves stability and 
hysteresis losses unchanged.?? 

Laiie X-ray photographs show that in the 
heavily rolled 50% nickel-iron strip annealed at 
400° C., the crystals are oriented (with a dis- 
persion of only 5-10%) with one of the cube 
sides on the rolling surface and one of the edges 
in the direction of rolling. Magnetic tests on this 
tape show, as might be expected, that it possesses 
directional properties. The special character- 
istics of low hysteresis loss in the cold rolled 
tape cannot, however, be explained on the 
grounds of favourable crystal orientation alone; 
and it has therefore been suggested 27 that the 
residual stresses play their part also by causing 
most of the domains to be magnetised in either 
of the two directions at right angles to the length 
of the tape. When such tape is made into a core, 
the applied alternating field tends to orient the 
domains so as to point alternatively along the 
two longitudinal directions, and it is suggested 
that minimum work will be expended if the 
domains are originally in the mean position at 
right angles to the run of the tape. This theory, 
incidentally, requires that the effect of the small 
magnetising fields produced in a loading coil 
should be to move the magnetic axes of the 
domains through a small angle; whereas the 
usual conception is that the directions of mag- 
netisation change only through 90 or 180 degrees 


under such moderate stimuli. Thus, the effect of 
cold rolling on these alloys may be considerably 
more complex than this hypothesis suggests. 
One possibility is that the cold working causes 
precipitation of a disperse phase,?® similar to 
that produced in other constant permeability 
alloys; but all explanations must in the present 
state of knowledge be extremely speculative. 


Impurities 


Thus far, this review has dealt with the 
characteristics of alloys made by high frequency 
melting from commercially pure materials such 
as electrolytic or Mond nickel, Swedish iron, 
and so forth. Small amounts of a number of 
impurities are inevitably present, and undoubt- 
edly exert a harmful effect on the magnetic 
properties obtainable. 

It has been explained that all high-permeabil- 
ity alloys are extremely sensitive to the effects 
of internal or applied stresses. It appears likely, 
also, that if elements are present in the alloys 
which tend to strain the crystal lattice, magnetic 
softness will be impaired. The elements carbon, 
oxygen, nitrogen, and sulphur are of this type, 
for instead of replacing atoms in the nickel-iron 
lattice, they crowd into interstitial positions.”® 
These elements are, in fact, found to be most 
injurious to the permeability characteristics; 
and it seems most likely that their presence in 
varying small amounts is one of the main causes 
of the quite wide differences which are frequently 
found between the magnetic properties of suc- 
cessive melts of the same alloy. Varying amounts 
of dissolved gases such as carbon monoxide or 
methane, as well as the presence of slag inclusions, 
are also possible sources of non-uniformity. 

On account of the experimental difficulties in 
making accurate determinations of smal! quanti- 
ties of carbon, oxygen, and nitrogen, the extent 
of their influence on the nickel-iron alloys must 
remain largely a matter of inference. For iron, 
considerably more data are available, and it is 
clear from the most recent work that both carbon 
and, particularly, oxygen exert an especially dam- 
aging effect on maximum permeabilities, even 
when present in minute quantities, well below 
0.01%, but are not additive. The improvements 
which can be brought about by the removal of 
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impurities from iron are very strikingly shown 
by the following figures: 3t. % 


Maxi- 
mum | Hys- 
Date | Authority Material Per- |teresis 
mea- | Loss 
bility 
1885 | Ewing Wrought Iron 2,600} 5,000 
1900 | Hadfield | Swedish Charcoal Iron 2,600} 2,700 
1913 | Breslauer Annealed electrolytic 11,500) 1,440 
iron 
1915 | Yensen | Vacuum fused electro- 25,800} 660 
lytic iron—probably 
contained hydrogen 
1928 | Yensen | Vacuum fused electro- 61,000} 300 
lytic iron—probably 
contained hydrogen 
1935 | Adcock &| Vacuum fused iron, pur- | 14,360} — 
Bristow} est made at National 
Physical Laboratory. 
Total impurities, 
0.0113% 


It is interesting to speculate on the magnetic 
properties which might be expected from abso- 
lutely pure iron, if ever it is found possible to 
produce such material, and Yensen has recently 
ventured the prediction *° that a single crystal 
of pure iron containing no oxygen and 0.001% 
carbon would have a maximum permeability of 
500,000 and a hysteresis loss of 20 ergs per cc. 
per cycle. It will be noticed that these properties 
are rather superior to those of the best nickel- 
iron alloys known, and it is natural to enquire 
further whether the action of the nickel and other 
alloying elements may not be to neutralize in 
some way the deleterious effects which the 
interstitial impurities have on iron. One sug- 
gestion ® is that the nickel-iron alloys, when 
fairly rapidly cooled, retain the impurities in 
solution and only precipitate them on slow 
cooling. It seems doubtful, however, whether the 
behaviour of the permalloys can be explained 
on so simple a basis. 

Apart from the effect of the interstitial ele- 
ments, greatest interest probably centres around 
the part played by hydrogen absorbed or com- 
bined in these alloys. The facts are that treatment 
of iron and—to a less extent—of some alloys in 
hydrogen very greatly improves their magnetic 
properties. By heating Armco iron in hydrogen 
(for 18 hours at 1480° C., followed by 18 hours 
at 880° C.), for instance, Cioffi *: 7 has produced 
samples in which the initial permeability has been 


increased from about 250 to 20,000, and the 
maximum permeability from 7,000 to 340,000. 
Similarly, by heating 3.8-78.5-17.7 molybdenum- 
nickel-iron alloy to 1400° C. in hydrogen, the 
value of initial permeability has been increased 
from the normal value of about 20,000 to 34,000, 
and the maximum permeability from 75,000 to 
140,000. The 50-50 nickel-iron alloy is par- 
ticularly susceptible to improvement by this 
treatment, and for some years hydrogen- 
annealed sheet, made from alloy which has 
been melted under hydrogen, has been avail- 
able commercially in America.**: 3 

Views concerning the nature of the action 
exerted by hydrogen have fluctuated between 
two extremes in recent years. When this phe- 
nomenon was first recorded, it was considered 
that the hydrogen, by entering into solution or 
combination with the metal, itself exerted some 
influence on the magnetic behaviour. Later, 
there grew up a belief that the effect of hydrogen 
was entirely one of purification, and that its 
beneficial action was due to its power of removing 
oxygen, carbon, and sulphur from the metal. 
At the present time, while it is recognised that 
hydrogen can effect considerable purification by 
prolonged action at high temperatures, never- 
theless it is not considered that its beneficial 
action can be explained as being wholly one of 
purification. Recent researches at the National 
Physical Laboratory in England as well as else- 
where on the production and study of very 
pure iron have strengthened the belief that 
hydrogen must be classed as an alloying element 
which, when present in small quantities, modi- 
fies the characteristics of iron and many of the 
high permeability alloys to a very considerable 
extent. 
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The Cape Town—Johannesburg Carrier Telephone And 
Associated Voice Frequency Telegraph System 


By P. MACHANIK, M.Sc. (Harvard) 
Engineer, Depariment of Posts and Telegraphs, Union of South Africa 


and 


E. H. HARWOOD, M.Sc. (London), A.M.L.E.E. 
Standard Telephones and Cables, Limited 


General 
T is felt that this project merits a general 

| description since it is comprehensive in its 
features and of proved reliability in service 
under difficult conditions. 

The facilities at present afforded by the system 
are fifteen voice-frequency full-duplex telegraph 
circuits and two carrier telephone channels in 
addition to the usual audio telephone outlets. 
The telegraph channels can be increased to 
eighteen when the need arises. 

The telephone circuits are brought out on the 
long distance boards at Cape Town and Johan- 
nesburg and used for South African and overseas 
traffic. Creed Page Teleprinters are used almost 
exclusively for the telegraph traffic although 
Creed Morse equipment is worked on one or two 
channels. In addition to the usual direct facilities 
between the telegraph offices of Johannesburg 
and Cape Town, two outlets are available for 
leased part-time private wire teleprinter service 
between Johannesburg and Cape Town Telex 
subscribers. Overseas telegraph traffic is also 
routed over the equipment. 

It will be apparent from the foregoing that 
reliability of service is of prime importance since 


the system carries high grade traffic. From an ` 


equipment aspect, complete satisfaction has been 
attained. Line maintenance is difficult through 
sparsely populated country and a standby pair 


is available over the whole route. Faulty sections. 


can thus be speedily replaced. Criticism of the 


policy of deriving so many and important facili- — 


ties from one pair of wires has been expressed. 
This disadvantage must be admitted but the 
argument, to be complete, should consider the 
state of affairs presented when the whole pole line 
is in trouble following violent storms or accident. 
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The breakdown party concentrates all its activi- 
ties on restoring one pair (drop wire being used if 
necessary) and the system is routed over this 
circuit. The entire facilities of the system are thus 
available and the accumulation of traffic can be 
attacked without handicap. In South Africa, 
where alternative pole routes are not always 
available, this feature is worthy of merit and 
the Cape Town-Johannesburg system has several 
times proved its capabilities in this connection. 

Installation of the equipment was commenced | 
in April, 1934 and the circuits were opened to 
traffic on November 1st of that year. The equip- 
ment was made in the London factories of 
Standard Telephones and Cables, Limited, and 
installed by the Union Post Office in conjunction 
with an engineer of the manufacturers. 


The System Layout 


The Cape Town-Johannesburg route is 922 
miles in length, running roughly north-east from 
Cape Town and passing through the mountainous 
scenery of Cape Province before reaching the 
high central plateau—-Johannesburg being some 
5,700 feet above sea level. The stormy seasons 
of the northern and southern halves of the route 
do not coincide and one end or the other is always 
liable to bad weather. The northern section, in 
particular, is exposed to very bad lightning and 
static conditions during the months between 
November and March. 

The map (Fig. 1) indicates the location and 
spacing of the carrier repeater stations. Klerks- 
dorp, Bloemhof, and Kimberley are of the “low 
gain” type (a maximum gain of 30 db. is afforded 
by the amplifiers) whilst the remaining three are 
“high gain” (a maximum amplifier gain of 45 db.). 
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With the exception of short carrier-loaded 
entrance cables at Cape Town and Johannesburg, 
the route is 150 lbs. per mile copper throughout. 
The configuration of the open. wires changes 
several times due to the individualism of. the 
early telegraph engineers of the once separate 
provinces which today comprise the Union of 
South Africa. For this reason also, the sections 
from Cape Town to Worcester and Fourteen 
Streams to Johannesburg are revolved, the re- 
mainder of the route having “point” transposi- 
tions on the telephone pairs. Preliminary line 
tests showed the existence of severe absorption 
peaks in the attenuation-frequency curves of the 
transposed sections, and extra transpositions 
were necessary in order to remove this trouble. 
It should be borne in mind that complete coor- 
dination of the circuits on the pole lead had not 
been obtained prior to the introduction of the 
carrier system. In fact, as indicated above, the 
route conditions existing were the result of 
miscellaneous additions spread over many years 


and, owing to diversified control, these additions 
were not coordinated in the most effective 
manner. In view of the consideration that the 
complete pole route is due for rebuilding shortly, 
the line work just prior to the introduction of 
the system was limited to that strictly necessary 
for its successful operation. A main line and a 
standby are available over the whole distance 
and are reasonably similar in electrical character- 
istics. In general, complete line sections are inter- 
changed between the relevant repeaters in times 
of trouble. 

The carrier loaded entrance cables at Johan- 
nesburg and Cape Town are similar—each 
approximately 1,000 yards in length, of 40 Ib. 
multiple twin conductors and loaded with inter- 
mediate 3.5 mH coils at 250 yard intervals. 
With terminal compensating units the effective 
transmission of frequencies up to 43 kc./sec. is 
possible, and this range has been chosen in order 
to accommodate proposed § broadcast channel 
systems. At present only two pairs are loaded. 


Part of Johannesburg Toll Line Equipment 


ee ee 
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JOHANNESBURG 
2 KLERKSDORP 


FOURTEEN BLOEMHOF 


STREAMS 


Fig. 1—Location and Spacing of Carrier Repeater Stations 


The 3-Channel Carrier Telephone 
Equipment 


The 3-channel carrier telephone equipment? is 
of the single side-band suppressed carrier type 
using the C.S. 3 frequency allocation (Fig. 2). 
Special carrier line filters enable an upper limit 
of 5,000 p :s to be obtained from the physical 
circuit in order to render it more suitable for the 
transmission of broadcast programmes. In its 
broad outline the carrier telephone system is 
similar to the systems described in previous 
articles. Two additions are, however, novel. 

The lines upon which the system operate have 
a total overall loss during fine weather of ap- 
proximately 150 db. at 30 kc./sec. The telephone 
channels are operated with a net loss of 6 db. 
between the long distance positions at the two 
terminals. The need for a precise and rapid con- 
trol to offset the constantly varying line losses is 
very evident. Manual operation of repeater 
amplification would be cumbersome and would 
lead to loss of traffic time whilst the system levels 
were being adjusted. 

Automatic gain control associated with the 
automatic pilot channel equipment was therefore 
introduced. Its main function is to change the 
repeater amplification in order to compensate 


1 For all numbered references see list at end of paper. 
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for slow changes in line loss due to weather 
conditions. A steady pilot current is sent out by 
each terminal—these currents having selected 
frequencies within the relevant carrier ranges. At 
each repeater a loosely-coupled tuned circuit, 
bridged across the amplifier output, accepts only 
currents of the pilot frequency and the resulting 
voltage is fed to the grid of a rectifier valve. The 
anode current of the latter will thus vary with 
the line loss preceding the amplifier, and a meter 
in the anode circuit can be directly calibrated in 
decibels “up” or “down” with reference to a 
normal value. The anode current controls a 
marginal relay having limits of plus or minus 
0.5 db. and operation of this starts a sequence 
of events leading to the stepping of a rotary 
switch. The bank contacts of the switch are con- 
nected to an attenuator inserted ahead of the 
amplifier and, as the switch rotates, attenuation 
is removed or inserted until the appropriate 
correction is obtained. 

In the repeater stations the above equipment 
is in duplicate—one set maintaining the levels in 
the Johannesburg-Cape Town and the other in 
the opposite direction. In order to ensure that the 
necessary correction is always made by the 
requisite amplifier, a time delay is introduced 
between the operation of the marginal relay and 
the stepping of the switch. This delay increases 
progressively from repeater to repeater (see 
Fig. 3). 

The pilot equipment also gives visible and 
audible alarms if the level drops more than 6 db. 
below its normal value. The complete equipment 
for a repeater station can be mounted on a 8'6” 
bay. 

In practice, the pilot channel has proved suc- 
cessful—fully justifying its installation. The 
stepping of the rotary switches passes unnoticed 
by the telephone subscribers and merely causes a 
small transient increase in the distortion on the 
telegraph channels. 
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Fig. 2—Frequency Allocations 
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Fig. 3—Schematic of Automatic Gain Control 


. As shown in Fig. 4, the output from the V. F. 
Telegraph system is fed into the modulator of 
channel 2. The terminal and repeater amplifiers, 
therefore, handle the products of telephone 
modulation from channels 1 and 3, and the 
telegraph modulation from channel 2. Speech 
transients of high level could thus produce cross 
modulation in these amplifiers, leading to inter- 
ference with the telegraph signals. As a preven- 
tive measure, voltage limiters are inserted be- 
tween the hybrid coils and modulators of the 
two telephone channels. A simple, but very 
effective, device is used for the purpose, con- 
sisting of a selected neon lamp across the sec- 
ondary of a step-up transformer. The primary is 
shunted across the modulator input. Undue 
voltage across the primary winding causes the 
lamp to “blink.” The impedance across the 
modulator input is then quite low, and the 
transient voltage effectively reduced to a safe 
value. 


The V.F. Telegraph Equipment and Its 
Application to the Telephone System 


The telegraph equipment has previously been 
described in detail.2 The equipment in use is so 
similar that a further description is not warranted. 

The present facilities of fifteen full duplex 
channels are capable of easy extension to eighteen, 
when required. All circuits, with the exception of 
an engineering order wire, are extended to the 
telegraph offices at Cape Town and Johannes- 
burg. Operating practices are standard. 

The transmitting side of the telegraph system 
feeds into the modulator and the demodulator 
output is connected directly into the receiving 
telegraph equipment. In effect four-wire working 
is obtained. 

The maximum power level on the line due to a 
telegraph channel marking is approximately 
3.5 milliwatts. This results partly from the 
transmitting gain of the carrier telephone system, 
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Fig. 4—Schematic of Carrier Terminal Equipment 
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i.e., 20 db. from modulator input to the line itself. 
The average power for a physical telegraph 
circuit working on an open wire line may be of 
the order of 3.5 watts (120 volts 30 milliamps). 

The circuit between modulator input at the 
transmitting terminal and the demodulator out- 
put at the receiving terminal is operated at a 
gain of 8 db. This is in rough agreement with 
V.F. telegraph systems operated on a four-wire 
cable circuit and has been adopted on the 
Cape Town-Johannesburg system for general 
convenience. 


Performance of the System 


The operation of a carrier telephone system 
over 1,000 miles of open wire line has been 
effected elsewhere and no difficulties were ex- 
perienced in securing high grade speech circuits 
in this instance. The automatic pilot channel is of 
material assistance in maintaining a 24 hour 
service substantially free from trouble. Care has 
to be taken to maintain line levels and a test 
line-up is carried out each week in order to check 
pilot channel operation. 


Minor line faults, in general, leave the carrier 
telephone channels unaffected although the 
physicals may be unworkable. In times of severe 
static and thunderstorms slight noise becomes 
apparent on the channel using the lowest fre- 
quency band (channel 3 from Cape Town to 
Johannesburg) but the circuit is fully commer- 
cial. Broadcast programmes are frequently 
routed via a telephone channel between the two 
terminals. The frequency range is naturally 
limited but the absence of noise is appreciated. 

Before describing the performance of the V.F. 
telegraph circuits, a short résumé of atmospheric 
conditions will be of interest. The route from 
De Aar to Johannesburg is liable to severe 
atmospheric electrical conditions from November 
to March—the intensity of these storms from a 
lightning point of view probably ranking with 
any experienced elsewhere. 

High winds, driving dust against the lines, 
cause electrostatic voltages of the order of 300. 
The humidity in general is very low and high 
insulation conditions prevail. Rainfall is scanty. 
Two associated problems arise—protecting the 
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equipment from injury and minimising the 
interference with the telegraph circuits. 

It is believed that the first difficulty has been 
overcome by carbon-block lightning arrestors 
situated on the first and fifth poles outside an 
office. The gaps of these protectors are graduated, 
as shown in Fig. 5. Choke coils, consisting of 16 
turns with an average diameter of 3”, are con- 
structed of 7/22 V.I.R. cable and inserted in the 
lines between the office and the terminal outside 
protector. 

Earth connections to all protectors are tested 
frequently. Difficulty is experienced in securing 
low earth resistances in some districts but, in 
general, values less than 3 ohms can be obtained. 
Inside the offices the usual line fuses and mica 
gap protectors are used. 

The second problem is more difficult. The 
mutilations shown by the teleprinters originally 
covered, on the average, three or four letters. 
This time interval depends on the performance 
of the protectors and equipment under violent 
transient conditions. In this connection the vital 
points are, perhaps, grid-blocking of the ampli- 
fiers and the characteristics of the V.F. detector 
panels.? Grid-blocking of amplifiers has been 
reduced by the introduction on the line of a 
device shown in Fig. 5. The close coupling M 
between the two inductances Lı and Lg ensures 
that both protectors operate almost simul- 
taneously. A discharge surge from a highly 
charged wire via the equipment and to earth 
through the operating protector is thereby 
avoided. Precise information is difficult to obtain 
but it is believed that the mutilations on the 
teleprinters have been reduced to a one letter 
interval by fitting these devices at all relevant 
points. The characteristics of the V.F. detector 


panels are such that the effect of a transient is 
greatly minimised and, in many cases, the re- 
ceiving relays are not operated. 

To prevent the accumulation of static charges 
on the lines, special repeating coils have been 
inserted on each side of each repeater station. 
The centre point of the line side of these coils is 
earthed. The complete protection is thus as 
illustrated in Fig. 5. 

Mutilations have now been reduced to a low 
figure except in cases of severe storms near the 
route. Further investigation is being carried out. 
An automatic device in Johannesburg records all 
“flicks” and the information thus obtained is 
used to determine the efficacy of modifications. 

With the above exception the telegraph cir- 
cuits are capable of reliable, consistent service. 

The measured distortion of the telegraph 
signals is of the same order as that obtaining 
on V.F. Telegraph systems operating over 
loaded cable circuits. Routine measurements of 
distortion are carried out by means of telegraph 
distortion measuring sets.’ 


The authors’ thanks are due to the Chief 
Engineer of the Posts & Telegraphs Department 
of the Union of South Africa for permission to 
publish the information and photographs con- 
tained herein. 
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Telephonic Communications in China 


By W. H. TAN 


Secretary and Director, China Electric Company, 
Shanghai, China 


URING the past years, a serious effort 
ID has been made by those in authority 

in China for the establishment within 
the country of a good telephone communication 
system, both by the installation of new plant 
and by making improvements to the existing 
lines and equipment. This work has been carried 
out despite handicaps, including shortage of 
funds available for this type of work—it being 
considered more important to expend the money 
available on railroads and highways. Additional 
factors involved have been political disturbances, 
which in a number of cases have necessitated 
complete changes of plans; and the difficulties 
introduced by the existence in certain districts 
of bandits who have frequently completely 
removed the telephone wires. This latter diffi- 
culty is, however, not as serious as formerly, 
since the building of highways, in many cases, 
has provided the authorities with means for 
quickly reaching places where the presence of 
bandits is indicated. A country as vast as China 
is not easy to control, and it is only by close 
cooperation between the Ministry of Communi- 
cations and the various operating Administra- 
tions that long distance telephony is becoming 
practicable. f 

Nearly every large city in China and also a 
great number of the smaller towns have tele- 
phone exchanges of one type or another, but 
facilities enabling subscribers in one town to talk 
to those in another have until recently been 
practically non-existent. Improvements and new 
projects recently undertaken have aimed at 
overcoming this deficiency. 

There are approximately 164,000 telephone 
subscribers in the whole of China, of which 
approximately one-third are in the Shanghai 
area, which includes seven exchanges with over 
52,000 subscribers in the system operated by the 
Shanghai Telephone Company, an associate 
company of the International Telephone and 


Telegraph Corporation. This company’s system 
has been described in Electrical Communication.! 

The Greater Shanghai area contains ten 
automatic exchanges with approximately 52,000 
lines of automatic equipment. Automatic ex- 
changes have also been installed in the cities 
indicated in the accompanying table. 


Automatic EQUIPMENT INSTALLED IN CHINA 


No. of Lines 
Canton a 228) we des ne, Magee ees 10,000 
Changshitc iuui sg do oreore onde aa OES 1,000 
Foochow......... 0.000 ee eee 1,500 
Hangchows: 2 o.s20G.bsh5 te age ag hes 3,000 
Hankow. occ deci hee eee tha en S eS 8,500 
Nanking’ seene g aar eae one iagi 6,000 
Shanghai Area.... 0.00... aarre 52,000 
SWatOW a nedan ara EERE ae SS, cee 1,000 
Tientsin. soa aii eae E EA ead 9,000 
Tsingtao. oere siai enea kpa Deti eee 4,000 


Automatic equipment installed in China totals 
96,000 lines—65% Rotary and 35% Step-by- 
Step. 

It is interesting to note that Peiping, with 
16,400 subscribers, is still operating on the 
common battery manual system. Tientsin, in 
addition to three automatic offices with 9,000 
lines, has two common battery manual offices 
with 6,000 lines. Other common battery manual 
exchanges of any size are: Soochow (2,000 lines), 
Tsinan (3,000 lines), Amoy (2,200 lines), and 
Wusih (1,400 lines). Ningpo has 2,100 magneto 
lines. Doubtless, when more important projects 
are completed, these common battery manual 
exchanges will gradually be converted to 
automatic. 

With the exception of a cable installed under- 
ground between Canton and Hongkong, all 
toll lines are carried overhead. In the past, iron 
wire was mostly used, but recently an endeavor 
has been made to substitute copper wire on 
routes which are important from a traffic point 


1“The Reconstruction of the Shanghai Telephone 
System,” by J. Haynes Wilson, Electrical Communication, 
July, 1932. 
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of view. For some years, a few toll circuits have 
existed between Shanghai and Nanking, but up 
to two or three years ago the chance of getting a 
good connection over these circuits was very 
remote, chiefly on account of noise and poor 
transmission. However, about two years ago, a 
new pole route with copper wires was constructed 
following the new highway and this constituted 
a great improvement. Other long distance circuits 
which at present exist are those between Tientsin 
and Peiping, and Shanghai and Hangchow 
(Chekiang Province), as well as a comprehensive 
toll network in the latter Province. At present 
Hankow, with a population of approximately 
1,500,000, is unable to communicate by tele- 
phone with any of the other larger cities in China. 

In Canton, there is an exchange of the Rotary 
type having a capacity of 10,000 lines; and the 
cable between Canton and Hongkong provides 
efficient and stable toll circuits, but no means 
exist at present for communication between this 
system in the South and the cities in Central 
and Northern China. 

The Hongkong-Canton cable was manufac- 
tured and installed in 1931 by Standard Tele- 
phones and Cables, London, and has been fully 
described in Electrical Communication? 

It is apparent from the above that the present 
state of telephone communications in China is 
poor, but the work now being undertaken by 
the authorities is such that this situation will, 
within the course of the next year or so, be con- 
siderably changed. The Government has been 
able to make arrangements with the British 
Boxer Indemnity Fund for the supply of a con- 
siderable amount of up-to-date equipment for 
making improvements in its long distance tele- 
phone system. The money which has been ob- 
tained from this source has been devoted to the 
establishment of two main systems, both of 
which will be described in the future in Electrical 
Communication. The first, which was nearing 
completion while the present article was being 
written, comprises several high power, short 
wave radio equipments which will provide 
telephonic communications between Shanghai, 


Hankow, and Canton. The second comprises. 


equipment and line plant which will provide a 


2“Hongkong-Canton Toll Telephone Cable,” by P. T. 
Carey and R. E. Burnett, Electrical Communication, April, 
1932. 


long distance communications system by wire 
between important points in a number of 
provinces. 

The planning of this system was carried out 
by the Chinese Telephone Administration in 
cooperation with Standard Telephones and 
Cables, London, which is supplying the toll 
boards, repeater equipment, and the cables for 
river crossings. The lines themselves have been 
designed in accordance with the most modern 
practices so that, at a future date, additional 
circuits can be obtained by the installation of 
carrier telephone equipment. Where the route 
crosses the large rivers of China, cables of special 
design and suitable for carrier telephony opera- 
tion have been installed. The repeater equipment, 
located at a number of points along the route, is 
of the latest design and manufacture, and is of 
the type described in an article entitled: “The 
New Standard Repeater Equipment,’’* by J. S. 
Lyall. Facilities provided on the toll boards 
which are being installed, will enable the speedy 
establishment of connections in the most efficient 
manner. It is expected that communication over 
the new system will be established between 
Shanghai and Hankow before the end of the 
present year. 

An interesting means of providing telephone 
communication is being adopted in South China 
in the district around Canton, where the country 
is so cut up by rivers and creeks that the erection 
of pole line routes would be a difficult proposition. 
The authorities have decided in this case to 
employ 7-10 meter ultra-short wave radio 
facilities whereby a number of towns, which 
thus far have been isolated telephonically, 
will be brought in contact with the Canton 
telephone system. 

The Ministry of Communications, in planning 
its telephone communication system, has not 
overlooked connections to other countries and 
has already established, by means of short wave 
radio, a circuit between Shanghai and Japan. 
For the past year or more, it has been carrying 
on tests with both England and America and it 
will not be long before China will be connected 
by radio to the large international telephone 
networks of the world. 


3“The New Standard Repeater Equipment,” by J. S. 
Lyall, Electrical Communication, April, 1935. 


Universal Telephone Set 


HE wide variety of telephone sets which ods of operation, namely, local battery, common 
it has been necessary to manufacture battery manual, and automatic, together with 
and stock has presented a difficult the need for sets for both table and wall mount- 

problem to telephone manufacturers and operat- ing, are the causes for so many varieties. 
ing telephone companies. Three different meth- The Bell Telephone Manufacturing Company, 


Fig. 1— Universal Telephone Set Arranged for Local Battery Fig. 3—Universal Telephone Set Arranged for Automatic 
Table Mounting. Table Mounting. 


Fig. 2—Universal Telephone Set Arranged for Local Battery Fig. 4—Uniwersal Telephone Set Arranged for Automatic 
Wall Mounting. Wall Mounting. 
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Antwerp, Belgium, has taken a notable step 
towards the alleviation of this condition by the 
production of a new convertible bakelite set. 
The four illustrations show the appearance of 
what is fundamentally the same set: 


Fig. 1 shows the set arranged for local battery 
table mounting; 

Fig. 2, for local battery wall mounting; 

Fig. 3, for automatic table mounting; 

Fig. 4, for automatic wall mounting. 


Common battery manual sets arranged for 
table and wali mounting would look the same as 
Figs. 1 and 2, respectively, except that the 
generator crank would be omitted and the crank 
hole covered. 

It will be evident that a table set may be 
converted into a wall set, or vice versa, by 
simply rotating the microphone cradle 180°. 


This flexibility is achieved by inclining the plane 
of the cradle mounting surface at an angle of 45° 
with the plane of the set mounting surface. 

In case the set is required for automatic 
operation, a dial adapter is placed under the dial 
when wall mounted and omitted when table 
mounted (Figs. 3 and 4). Thus the correct dial 
angle can be readily obtained regardless of the 
position in which the set will be mounted. 

Magneto sets may be converted to manual 
common battery sets by changing the induction 
coil and omitting the generator crank. The addi- 
tion of a dial and dial adapter, when necessary, 
converts the common battery manual into an 
automatic set. 

The great flexibility of the new set will be 
appreciated from the preceding brief description, 
and it will be apparent that this set comes very 
close to heing universal in its application. 


The New Steel Tone Tape Machine* 


S A result of recent successful trials of the 
Steel Tone Tape machine by the 
Reichsrundfunk-Gesellschaft, problems 
involving electromagnetic tone recording are 
being given increased attention. As compared 
with film and disk methods, electromagnetic 
recording was neglected for a considerable period. 
The viewpoint was that its application would be 
limited to telephone signaling and control cir- 
cuits and to the dictation of letters, messages, 
etc. Electromagnetic recording, however, as com- 
pared with the other two methods, has definite 
inherent advantages: before recording is com- 
pleted, its quality can be tested; frequent repro- 
duction does not cause deterioration; and, fur- 
thermore, erasure is a simple process and the 
tape can be reused indefinitely. In addition, 
electromagnetic recording and reproduction are 
not affected by external vibration, and relatively 
long uninterrupted use of records is practical. 
These characteristics are especially useful in the 
broadcasting field where it may frequently be 
desirable to record lengthy reports or speeches, 
and where facilities are required for making 
records while on a moving vehicle, such as a 
train or motor car. That the Steel Tone Tape 
machine is peculiarly fitted to meet these re- 
quirements has been shown by the experience of 
the Reichsrundfunk-Gesellschaft. 

In the present article, the general technical 
considerations involved in the development and 
construction of the Steel Tone Tape machine will 
be discussed. 


Mechanical Construction of the Steel Tone 
Tape Machine 


Fig. 1 shows a view of the commercial machine 
which for purposes of transportation was de- 
signed in trunk form. Two large drums, “a” 
and “bd,” carry the steel recording tape which is 
3 mm. wide and .08 mm. thick. Between these 
drums the steel tape travels through the erasing 


and recording mechanism ‘‘c,” and the two 


* Translated and republished in slightly abbreviated 
form from ‘‘Die neue Stahiton-Bandmaschine,” Lorenz 
Berichte (No. 1, January, 1936), Technische Nachrichten 
der C. Lorenz Aktiengesellschaft, Berlin-Tempelhof. 
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reproducing mechanisms ‘‘d,”’ as well as over the 
four guide rollers “e, and the main driving 
wheel “f.” The arrangement is depicted sche- 
matically in Fig. 2. 

Briefly, the mechanical considerations involved 
in the development of the Steel Tone Tape 
machine were the following: 

(1) The steel tape, during recording and repro- 
duction, must always travel at the same speed at 
a given stage of its progress through the electro- 
magnetic mechanisms or “heads.” For practical 
reasons, therefore, a constant tape velocity is 
desirable. Velocity restrictions obviously are im- 
posed by the necessity of adhering to a definite 
frequency band. 

(2) Both drums “a” and “b” must be arranged 
for winding up the steel tape. After each record- 
ing, the tape must be returned to the initial 
recording position. 

(3) To achieve flexibility, the drums “a” and 
“b? must be readily interchangeable. After a 
tape has been used for recording purposes, it 
must be possible to readily substitute an unused 
tape for a subsequent recording. 

It might be thought desirable to arrange either 
drum “a” or “b” for driving purposes according 
to need. This would be impracticable, however, 
due to the requirement that the tape be arranged 
to travel at a constant velocity; for, during 
winding and unwinding, the effective cross- 
sections of the drums with the tape partially 
wound thereon, change continuously. The tape is, 
therefore, driven by the drum “f” (Figs. 1 and 2). 
This drum, by means of a reducing gear, is 
mechanically connected to a motor and main- 
tains a practically uniform speed, so that the 
tape is transported at constant velocity. In order 
to prevent slippage, a seamless textile belt, which 
is kept under tension, travels over “f,” “e,” 
“1,” and “e,” as indicated in Fig. 2 and maintains 
the steel tape tightly pressed against the main 
driving drum ‘‘f.”’ 

To meet requirement (2) above, the following 
construction was adopted: 


(1) A driven drum on which the unrecorded 
tape is placed; 
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Fig. 1—Lorenz Steel Tone Tape Machine. 


(2) A main driving drum “f”; and 

(3) A driving drum on which the recorded tape 
is wound. 

The design of the machine is such that the 
velocity of the tape on the three drums is identi- 


cal. The driving tape drum must tend to acceler- - 


ate in order to exert tension on the tape. It is, 
therefore, frictionally coupled to a. driving 
mechanism which rotates at a velocity somewhat 
higher than is required for winding up the tape. 
The tendency of the driving drum to step ahead 
is counteracted by slippage at the frictional 
coupling. In the case of the driven drum, it is 
sufficient to provide braking to prevent undue 
acceleration. 

Fig. 3 illustrates schematically the design of 
the driving drum. To wind up the steel tape “a” 
the drum “b” must rotate in the direction indi- 
cated by the arrow. The drum is driven by means 
of the belt “d” and the pulley “c” through the 
agency of the reversible coupling “e”? and the 
frictional coupling “f.” To convert the driving 
drum into the driven drum, when it is necessary 
to unwind the tape, “e” is held against the body 
of the machine “h.” The axle “g” is thus held 


in a fixed position and the coupling “f”? then 
operates as a brake on the drum. 

To meet the third or interchangeability re- 
quirement, each tape drum has a large center 
hole which fits on to a cylinder on the axle “k” 
in a manner such that any drum can be assembled 
on either machine axle as required. The manipu- 
lation involved in interchanging drums is simple 
and can be accomplished in a single minute by 
means of a simple tool. 

The problems involved in starting and stop- 
ping the machine merit attention. Under these 
conditions, a relatively great mass must be re- 
spectively accelerated and decelerated rather 
rapidly for satisfactory operation. The possi- 
bility, for example, of failure of the motor current 
supply must be considered. In this event, diffi- 
culty would hardly be experienced with the 
driving tape drum, inasmuch as it is connected 
by a belt with the main driving drum. The 
driven drum, however, must be braked in the 
event of failure of the power supply in order to 
prevent continued revolutions which might 
cause the steel tape to become entangled with 
subsequent breakage on restarting the machine. 
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Fig. 2—Schematic Illustrating the Travel of the Steel Tone 
Tape. 


The problem is simplified when stoppage 
occurs after a considerable period of operation, 
inasmuch as most of the tape is then unwound 
from the driven drum and its effective mass is 
smaller. In Fig. 4, the total drum weight is 
designated as G; the drum cross-section, da (the 
drum without the steel tape has a maximum 
diameter of d;=20cm.); and the drum moment of 
inertia, J. Fig. 5 shows the relation of the length 
of operation versus the braking time for different 
braking moments. The weight of the drum with- 
out tape is taken as 4.6 kg. and its moment of 
inertia as 1.6 kg. cm.sec.’, these figures being 
average for running periods between 20 and 40 
minutes. In plotting the curves, the tape speed 
necessary for the required frequency band has 
been assumed to be 1.5 m./sec. The aim has been 
to provide the longest practicable recording 
period. From these curves, the relation of the 
elapsed recording to braking time will be evident. 
For the Steel Tone Tape machine, a compromise 
operating period of one-half hour has been 
chosen. 

Constant braking on the driven drum and 
slippage of the driving tape drum obviously 
influence the size of the motor required. The 
power loss due to braking and slippage is: 

Ny = Milwgt or — w) watts. (1) 

M, is the braking moment which, because of 
the design, is alike for both the driving and the 
driven side, and is constant for a given total 
operating period; w, is the angular velocity of 
the constantly revolving half of the frictional 
coupling on the driving side; w, is the changing 


angular velocity of the driving drum; and w, is 
the changing angular velocity of the driven drum. 
w, is so chosen that it is always greater than wz. 


; APE ee 
From equation (1), if 336M, 


(1a) 


The relation between w, and w, as will readily be 
apparent, is: 


a: No = wg Hor — ws 


2wg't. (2) 
NVogpk—4? 


w= 


and, therefore, 


2wg't (3) 
Nwy k — 40" 


v is the velocity of the steel tape, and k is a 
constant depending upon the operating period, 
and d2 max.t+d?. aN,=w,tor—w, has been 
plotted in Fig. 6 as a function of the elapsed 
recording time for a total recording period of 
30 minutes. It follows that the power loss to- 
wards the end of the recording period is a 
maximum. The driving motor must, of course, 
be of sufficient capacity to take care of this 
maximum loss. Since, however, independent of 
the total recording period but towards its end, 
w remains constant for a given cross-section d; 
and a tape velocity of 1.5 m/sec., the maximum 
power loss changes only with w.. From the curve 
it will be seen, however, that the influence of w, 


a: No= wyt or — 
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Fig.¥3—Schematic of Drive of a Tape Drum. 
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Fig. 5—Operating Time Versus Braking Time for Different 
Braking Moments. 


with increasing time, approximately after 20 
minutes, is no longer great. In fact, if the braking 
moment for any total running period could be 
held constant, the power loss would not be 
appreciably greater if a 45 minute instead of a 
30 minute reproduction period were chosen. 
Since, however, with a specified braking time, 
the braking moment must increase with elapsed 
recording time (Fig. 5), a is no longer constant. 
The power loss, in accordance with equation 
(1), increases proportionally with the braking 
moment. 


Magnetic Recording 


Magnetic tone recording and reproduction, 
in recent years, have been the subject of a series 
of investigations and descriptive articles in the 
technical press.! In the development of the new 


1 Hormann: “Zur Theorie der elektromagnetischen 
Tonaufzeichnung” Æ. N. T., 1932, Heft 10; E. Meyer und 
E. Schüller: ‘‘Magnetische Schallaufzeichnungen auf 
Stahlbander,” Zeitschr. f. tech. Physik, 1932, Ileft 12; S: 
Begun: “Beitrag zur Theorie der elektromagnetischen 


tape machine for use in connection with broad- 
casting, experience up to date was utilized fully 
in order to achieve the requisite quality. Since 
a detailed description of the magnetic relations 
would be beyond the scope of this paper, only 
the fundamentals involved will be briefly con- 
sidered. Three different operations are involved: 
(1) Erasure, (2) Recording, and (3) Reproduc- 
tion. These three operations are performed with 
mechanisms which are alike in principle, viz., 
an erasure head, a recording head, and a repro- 
duction head. These heads (Fig. 7) consist of 
cores “a’’ with spools “b.” The cores “a” are 
movable longitudinally and are in each case off- 
set slightly with respect to each other, and are 
pressed by means of springs ‘‘c’’ against the side 
of the tone tape ‘‘d.” Fig. 7 illustrates the 
principle of the arrangement. The erasure and 
recording heads are arranged in a common 
housing and are shown in Fig. 8a; the reproduc- 
tion heads, in Fig. 8b. The magnetic field in the 
cores and in the steel tape is illustrated by Fig. 9. 
The main lines of magnetic flow are indicated by 
H, and the stray flux by St. It will be noted that 
in the steel tape the flux St opposes H, and thus 
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the latter is somewhat diminished. To simplify 
the following description, the stray flux will be 
neglected. 

Erasure of the record from the steel tape is 
accomplished by magnetically saturating the 
tape (point S on the magnetization curve of 
Fig. 10) by means of the erasure head. After the 
tape passes beyond its field of influence, mag- 
netization falls to the point R. The coils of the 
recording head are energized with a constant 
current J, in a direction such that the resulting 
flux is opposed to that of the erasure flux and, in 
the vicinity of the recording heads, the mag- 
netization of the tape reaches the point V. Atter 
passing beyond this head, the tape magnetization 
is represented by V’. During the process of re- 
cording, an alternating current I„ is imposed on 
the direct current J,. As a result of the current 
I,+I», the magnetization of the steel tape in 
passing the recording head oscillates between V, 
and V, with the point V as a mean. Beyond the 
sphere of influence of the recording head, the 
corresponding values rise to V,’ and Vy. Since 
counter magnetization only very slightly dis- 
torts the magnetization curve, it may be neg- 
lected. Maximum results depend on the selec- 
tion of the point V and on the slope of the useful 
portion of the magnetization curve. 

The foregoing discussion of the recording 
process applies only when the zone affected by 
the recording head is regarded as a point or at 
least as very small compared with the wave- 


Fig. 7—Heads with Steel Tape, Iliustrating Prin- 
ciple of Design. 


length of the recording current. In the contrary 
case, the phenomena are extremely complex and 
their consideration would extend beyond the 
scope of this paper. 

The lateral distance “a” between the off-set 
cores, also the effective core width “b” (Fig. 9), 


Fig. 8a—Erasing and Recording Heads. 


Fig. 8b—Reproduction Heads. 


are of controlling importance in connection with 
the zone of influence of the recording head. In 
order that these dimensions may be kept small, 
the cores are pointed and the off-set between the 
two cores is made as small as practicable. Fig. 8 
shows the micrometer screw for adjusting this 
off-set, which must have a specified minimum - 
width in order that the direction of the main 
magnetic flux in the steel tape will be longi- 
tudinal. For practical recording purposes, the 
tape must be magnetized in a lengthwise 
direction. 

Since the fundamental relations involved in 
recording have been described, it will be neces- 
sary to consider the influence of the stray flux. 
It will be desirable first to return to the phe- 
nomena involved in erasing the record from the 
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tape. When under the influence of the erasure 
cores, the steel tape is magnetized to the point S 
on the magnetization curve (Fig. 10). After a 
cross-sectional element of the steel tape passes 
from the zone of influence of the primary flux 
to that of the secondary flux, magnetization falls 
from the point R to R, and finally through 
counter magnetization reaches R’. The location 
of the point Rı on the magnetization curve is 
dependent on the erasing magnetic flux. In the 
most unfavorable case R, may fall to a very low 
point on the straight portion of the magnetiza- 
tion curve. By careful determination of the 
magnetizing flux of the erasing cores, however, 
the influence of the stray flux need not be dis- 
turbing even though a small portion of the upper 
branch of the magnetization curve no longer 
serves a useful purpose. In recording, however, 
the stray flux, compared to the useful flux, is of 
some importance because of its counter influence 
beyond the point at which recording takes place. 
For this reason the direct current magnetization 
of the steel tape and, similarly, the maximum 
amplitude of the alternating speech flux relative 
to the straight portion of the magnetization curve 
must be kept small in order to prevent an undue 
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Fig. 9—Magnetic Flux in Cores and Steel Tape. 


Fig. 10—Magnetization Curve Illustrating Phenomena 
Involved in Erasing and Recording. 


increase in stray flux resulting from J,+J,. 
It follows, therefore, that the useful branch of the 
magnetization curve, rather than comprising the 
straight portion below Rj, is in reality consider- 
ably smaller. It should be noted also that, even 
though the recording current remains uniform in 
amplitude with increasing frequency, the ampli- 
tude of the flux induced in the tape decreases as 
a result of demagnetization phenomena, which 
will not be discussed herein. 


Reproduction 


In reproduction, the longitudinal flux emanat- 
ing from the flat surface of the steel tape may be 
represented by 


Pa = = , (4) 


where 9; is the flux in a cross-section of the tape 
during pick-up. To simplify the description, it 
will be assumed that only a single magnetic core 
is associated with the steel tape. As soon as the 
core touches the steel tape the flux distribution, 
instead of remaining symmetrical with respect 
to the longitudinal axis of the tape, changes in 
accordance with Fig. 11, the flux density on the 
core side increasing. For the present purpose, 
however, this unsymmetrical flux distribution 
will be disregarded. As indicated in the illustra- 
tion, the flux lines from the steel tape flow com- 
pletely or partially through the core. If, however, 
it be assumed that all lines flow entirely through 
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the core, the equation of flux in the core may be 
written: 


+3 a 
a= f &,dl=4 d®;, (5) 
2 > 
2 
When the steel tape contacts the core, the 


magnetizing force becomes 


b 
i d®;, (6) 


where «æ is a constant depending on the coil 
winding. 

If the induced flux in the steel tape changes 
sinusoidally, we may write: 


Pi= Pmax Sin wt, (7) 


provided the recording and reproduction tape 
speeds are the same. To solve equation (6), in- 
tegration within limits in terms of time is 
necessary: 


koT 
i d tt- j 3 
U= 70-0 Pmax a tar cos wtdi, (8) 
2 


where T is the inverse of the frequency of the 
wavelength \ and ko=b/). In solving equation 
(8) we obtain the magnetizing force: 


U1 =a-Pmax'w-sin kor'sin wt, (8a) 

and the effective magnetizing force: 
U=- pmax w sin kor. 9 
DB o (9) 


U equals zero when sin kọr=0, also when kọ=0 
or 1 or an integral multiple of 7. That is, ko=0 
when the ratio of the core width to the wave- 
length becomes negligible or, in other words, 
when the recording flux frequency equals zero. 
ko™= lo when the width of the core equals the 
wavelength, that is, when the lines of flux are 
closed within the core. Sin kor is maximum when 
ko=4, that is, when the width of the core equals 
one-half a wavelength. 

With decreasing wavelengths recorded on the 
steel tape, the paths of the flux in the core become 
shorter and, correspondingly, a smaller part of 
the coil is enclosed by the flux (Fig. 12). The 
above equations, therefore, require modification 
to meet actual conditions. Furthermore, it has 
been assumed that mas is constant for all 


frequencies, whereas in reality the magnetic 
amplitude decreases with increasing frequency. 
Experimental results check with this exposition. 

Measurements show that the double core 
arrangement results in appreciable improvement. 
As previously mentioned, theoretical computa- 
tions become much more involved for the case of 
the double core as compared with the single core. 
Certain controlling considerations are: With the 
double core, the reluctance of the magnetic cir- 
cuit is considerably decreased and the efficiency 
is thus increased; furthermore, association of 
the two cores produces a certain addition of the 
magnetizing forces, depending on the phase 
relations, and also gives more satisfactory general 
results. 
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Fig. 11—Flux Distribution. 
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Fig. 13—Frequency Curves with Double Core Working. 


ELECTRICAL COMMUNICATION 69 


Fig. 14—Illustrating Increased Flux Obtained with 
Two Cores. 


Fig. 13 shows the frequency curve for two core 
recording. Off-setting the cores is important, as 
already pointed out. As long as the sum of “a” and 
“b? (Fig. 14) is smaller than one-half the record- 
ing wavelength, the flux in both cores increases. 
With smaller areas of core contact and decreased 
lateral spacing between the cores, the high 
frequency characteristics of the mechanism are 
improved (Fig. 13). To procure a straight line 
frequency curve in the case of recording and 
reproduction, or both, simultaneous distortion 
corrective devices can be utilized. Practically 
straight line frequency curves can thus be ob- 
tained between 70-5500 Hz, which experience 
shows amply meet the requirements. 

As in the case of disk and film reproduction, 
electromagnetic reproduction gives rise to 
inherent noise effects. Those extending over the 
entire frequency range are occasioried by mag- 
netic inequalities and mechanical oscillations. 
The latter result from reactions between the 
steel tape and the cores, and are greatest at 
frequencies corresponding to the natural core 
frequencies, which may be between 4000—7000 


Hz. Inasmuch as the dimensions of the parts 
involved cannot be identical, these frequencies 
result in difference and summation tones. 
However, in the case of electromagnetic repro- 
duction, it is possible by suitable design to 
reduce the noise effects so that the ratio of the 
maximum to the disturbing amplitude is 85 : 1. 

The new Steel Tone Tape machine has found 
many practical applications. For example, trials 
by the Reichsrundfunk-Gesellschaft, such as in 
trains in Hamburg, in underground tramways, 
and in automobiles (Fig. 15) were entirely satis- 
factory, and were made possible largely through 
technical developments of the last few years. 
In addition to its use in the radio and reportorial 
fields, electromagnetic tone recording and re- 
production in the future will be applied to the 
solution of many problems which heretofore 


could not be successfully attacked because of 


the fact that the machine was not fully developed. 
Today, however, investigation of certain difficult 
problems can be resumed with reasonable ex- 
pectation of achieving satisfactory results. 


Fig. 15—Lorenz Steel Tone Tape Machine of the Reichs- 
rundfunk-Gesellschaft. 


A Discussion of Methods Employed in Calculations of 
Electromagnetic Fields of Radiating Conductors 


By ANDREW ALFORD 
Mackay Radio and Telegraph Company, New York 


HERE are two procedures for caluclat- 

ing the electromagnetic field in the 

neighborhood of a radiating conductor. 

One procedure is based on the use of the so-called 

Vector and Scalar potentials and the other, 

on the solution obtained by Heinrich Hertz for 
the field of a small dipole. 

The first of these two methods has been used 
in a number of recent investigations on the 
interaction between radiating conductors. It is 
well adapted for calculating the electromagnetic 
field surrounding a linear radiator a half-wave 
or a number of half-wave lengths long wherein 
the current is assumed to be distributed in the 
form of a complete standing wave. Indeed, it 
will be shown later that this method applies 
to all radiating systems which are complete 
in themselves and in which no current either 
enters or leaves the radiating conductor. This 
requirement, that no current shall enter or leave 
the conductor, is tacitly assumed in the deriva- 
tion of the formulae with which calculations 
by the first method are made, and constitutes 
the most serious limitation of the Vector-Scalar 
potential method. In fact, it is not applicable 
to terminated radiators now frequently made 
use of in high frequency transmitting as well 
as receiving antennae because large amounts 
of current must both enter and leave such 
radiators—a condition which violates the basic 
assumption made in the derivation of the method 
itself. 

The second method, while somewhat more 
laborious and perhaps not quite as clean cut, 
is entirely free from this limitation. For this 
reason, despite being restricted, at least in its 
simplest form, to conductors with axial sym- 
metry, it is suited for calculations of fields 
surrounding almost every type of radiator met 
with in practice. 

While the second of these two methods is 
somewhat older than the first, it has not been 
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applied in recent literature as much as it perhaps 
deserves to be. It, therefore, seems worth while 
to describe it in some detail, showing how it may 
be applied to terminated, as well as untermi- 
nated radiating conductors, and to compare the 
results obtained by this method with those ob- 
tained by the first, both when they should agree 
and when they should disagree because of the 
failure of the first method. 

In view of the fact that the limitation of the 
first method referred to above is not generally 
mentioned in the literature, it appears advisable 
to include a somewhat detailed discussion of this 
subject. 


I. The Second Method 


As already mentioned, the second method is 
based on the solution for the field due to a small 
dipole. This solution, being a rigorous one, 
satisfies Maxwell’s equations, as well as the 
boundary conditions, and may be made to serve 
as an elementary solution. Because of linearity of 
Maxwell’s equations the sum of several solutions 
is also a solution. Consequently, if a radiating 
conductor could be broken up into a system of 
infinitesimal dipoles and the fields due to each 
of these dipoles were known, the total field 
could be obtained by addition or integration of 
the elementary fields. This very procedure with 
minor modifications will be employed for obtain- 
ing the field due to a radiating linear conductor. 

Because of axial symmetry, it is convenient 
in these calculations to use cylindrical coordi- 
nates. Let Zo in Fig. 1 be the distance measured 
along the wire AB from A to some point D on the 
wire. Let p be the perpendicular distance from 
some point P in space to the wire or its con- 
tinuation. Let Z be the distance from point A to 
the base of p, and © be the angle measured around 
the wire in counterclockwise direction from some 
arbitrary fixed plane through the wire. Let Ho, 
Ez, and E, be, respectively, the O component of 
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Fig. 2 


the magnetic field, and the Z and the p compo- 
nents of the electric field. Then, if at some point 
D along the conductor AB, there is a dipole of 
moment F(t) oriented so that its axis coincides 
with AB, the various components of the electric 
and magnetic fields produced by it at P are given 
by the following equations due to Hertz: 


11480 


_180 
Ezr= 55" (2) 
fake 
pe poz’ (3) 
F(Z) 
ô C 
e r (4) 


where r= PD, C is the velocity of light and ¢ is 
the time. The O component of the electric field 
and the Z and p components of the magnetic field 
are equal to zero. 

Any given charge distribution along conductor 
AB may be replaced by a suitable system of 
dipoles. Thus, for example, let o1dZo, o2dZo,* +> 
(Fig. 2) be the charges on the successive ele- 
ments dZo of the conductor. We may obviously 


put: 
o1dZ,= Sj, 


ood Zy com Se ore Si, 
o30Zo = S3 — So, etc. 


Then charges Sı and — Sı, Sa and — Sz, etc., 


may be considered as charges on the opposite 
ends of dipoles of moments SıdZo, SodZo, etc. 
We have in general 


5S 
odZo=77 dZo, 


5S 
and hence 
S= fcbZ,+N(t). (6) 


In this equation for S, N(#) is as yet an arbi- 
trary function of #. This arbitrary function ap- 
peared in the expression for S because it is 
possible to add or subtract a distribution of 
dipoles of equal strength along the wire without 
in any way disturbing the value of c except at 
the ends of the wire. The value of this function 
may be found in each particular case from the 
boundary conditions of the problem. 

Having replaced the given current distribu- 
tion by a system of dipoles of moments SdZo, we 
may calculate the components of the electro- 
magnetic field due to a typical dipole SdZ» and 
then obtain the total field by integration. 
Equations (1), (2), (3), and (4) give the com- 
ponents of the electromagnetic field due to a 
dipole of moment F(t). Consequently, if in 
these equations, we replace. F(t) by SdZo, we 
shall have the components of the clectromag- 
netic field due to SdZ». Thus, for example, the © 
component of the magnetic field due to SdZp is 


116 
die =" 7540), (7) 
where B 
_ ô /SdZo 
a= 2(>). (8) 
In this equation S is equal to S in which ¢ has 


r 
g): 

The total magnetic field due to the system of 
dipoles is given by 


been replaced by (:- 


z 2118 118 f? 
H =f dIh= CH=, cH) dQ; 
° J pee AN 
that is, (a6 
116 
maea ©) 
where 


(10) 


bf SdZo 
dh 
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The above transformations are allowable 
since the integration is performed with respect 
to Zə which is entirely independent of the 
coordinates p and Z of a point P in space. 

What has been said with respect to He is, of 
course, directly applicable to the other com- 
ponents of the electromagnetic field. Thus we 
find that our system of dipoles produces the 
following electromagnetic field : 


Tot 18 
He=" eo BL? (11) 
_18Q 
E= 5 (12) 
__18Q 
rey (13) 
where 
_ 6 (7 Sdz, 
a (14) 


Here S has the same meaning as in (8). 

When the distribution of charges on the wire 
propagates with velocity of light C and without 
distortion of form, the auxiliary quantity Q may 
be evaluated with comparative ease. Indeed, 
let us assume that 


_ of ,_ 420). 
S4, 2.) = S(1 Fe); 
then 
Z 
, S(-2-%) 
rae he C C 
C=) 5, 7 dZo 
If we put 
ya 
SES GE 
1/Z-Z 
au=2/ 7 2—1 )dZo, 
we have 
__ ô (* CS(u) 
Q TAN TERE 
or 
6 CS(u) 
aes, s Zr OY ia 


In the last equation for Q, there are no quantities 
under the integral sign which depend on p. 
Consequently, the derivative with respect to p 
may be obtained by merely differentiating the 
limits; hence, 


o=0{ CS(u2) bu,  CS(u1) |. 


õp Z+ (u2—-DC 8p Z4+(m—HC 


If at A 
Zo=0 andatB Z =i, 
we have 
u=} ‘2 7 m=i, 
w-ir. Mla 
dp Cre! 6p Cry 
so that 
ro l Ty 
' Ai ao S a 
r Z—r—i ri Z=rı 
Since 


(Z—n)(Z+11) =22—re= — ø, 
(Z—l—re)(Z—I +72) = (Z—l)?— 12 = — ë, 


it follows that 


=s(i_-7 £ 
ro l Z—i 
S(t z)(1+ T2 ) (15) 
From this value of Q the various components 
of the field may be obtained by differentiations 
in accordance with (11), (12), and (13). For 


example, the © component of the magnetic field 
is thus found to be 


Co Yi 
2 L 
s(7 ) 
CC Z—i 
n (1+ = ), (16) 


where 


> ro l ô re l 
2 (: 2-0) =g 5! C ar 

As equation (16) is of some interest, we will 
examine it in some detail. Let us, first, convince 
ourselves that He as given in (16) satisfies the 
various boundary conditions. 

When p->0 and Z>/ or Z <0, that is, along the 
continuations of the wire in either direction, Ho 


should vanish. This it does. In fact for Z <0 and 
p—0, we have 
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moreover as p—0, 


(1 +2) —0, 

p Y1 

since the quantity in the parenthesis approaches 
zero as p°. This may be made more apparent by 
putting 


p=r7 sin 6; 
then 


EE eee 0, 
Yi 
so that 
1 1+2 1 sin? 0/2 
P rı) ry sin 8/2 cos 6/2 


This obviously approaches zero when 6-0. In a 
similar manner, it may be shown also that 


a(t y7 = ) 0 
p fz 
when p->0. Consequently, He—0 when p—0 and 


Z <0. 
When Z>/ and p-0, 


(142) —2, (147) 2 
YI re 
and 
Y2 I Ty 
Cee 
Moreover all of the following quantities, 
r= 142-9, 
Yı 
EE —2, 
f2 
„etin 
am E TE 


are of order p?. Consequently, for very small 
values of p, we may write 


&a=ap, e=bp, e=dp, 


where a, b and d are all finite. Introducing these 
quantities into (16), we find 


(1-7) s(1- fav) 
Ho=—>g (2Ha) > ee (2+ bp?) 


7 1 _ oO ee 9 
-Jol -sl-4-ar) 
-C 


p 


+ [eos (1-6) -bps (1-a) | , 


Nowe ifthe deta S (2) anes 


have 


TERA SU ee o) 8 
s( 3) s(: Č ds?) = dh 


= 2 8S ' Yi f fi 2 
Ho= Zod +0| a5 (=) bS (:-3 rd) | . 
This expression obviously approaches zero when 
p—0. 
Next we must examine the behavior of He near 
the wire. When p—>0 and 0<Z <1, Ho reduces to 


Si 
28 a 
Cp 


This would be exactly what we should expect if 


(17) 


Z 
s(:-2) were equal to the current at the par- 


ticular value of Zo. Let us show that this is the 
case provided we neglect the derivative of the 
arbitrary function which occurs in (6). From the 
equation of continuity which must always hold 
along any conductor we have 

div i+? =o, (E) * 
Since we are dealing with only one dimension, 
this reduces to 


Consequently, 


In view of (6) we may also write 


6S NO s( a PEZOJ 


bt! st ôt 


Hence ¿= — S when 6N(¢)/5¢=0. The minus sign 
before S’ has no. particular significance as far as 
(17) is concerned because this sign merely has to 
do with the sense of Ho. From the above discus- 
sion, it may be concluded that the boundary 
conditions are satisfied only if 6N(#)/6¢=0; that 
is, only if N(#)=a constant. Then and only then 
does 

2i 
Co 


near the wire, as should be the case. 


Heo = 


* See page 84, equation (e). 
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So far, we have examined the behavior of He 
near the wire. We now wish to inquire what 
happens to He at a great distance from the wire. 
When 71 is assumed to be very large, the following 
equations hold (see Fig. 1): 


Z_Z-| 


ři Y2 


=cos ð, 


p=r sin 9, 
fı—r2=] cos 6 


and 


Ho= peot 3S (1-2) -s| (1-4) 
—Z(1— cos 0) |} (19) 


From this equation, it is clear that when rı > œ, 
Heos —>0. The same relations obtain, even when 
8 =0 or 180°; for, as we have already seen, Ho =0 
along the continuations of the wire for any value 
of ri. 

Before leaving Ho, it may be well to point out 
that equations (16) and (19) hold good regardless 
of the shape of the current wave as long as this 


wave propagates with the velocity of light and 
without distortion. For example, these equations 
should be useful in calculations of magnetic fields 
produced by lightning surges traveling along 
power transmission lines, as well as in the studies 
of radiation fields of terminated antennae with 
sinusoidal current distributions. 

We shall now derive an expression for £z. This 
expression may be obtained from (15) by per- 
forming the differentiation indicated in (12). 
Since 


ô if) L E H Yo L P 
§S(1-2-2)=-S(- 8-2) e. 


we have 


TA 
„U aM 142 
Za Cr Vy 
ig r_i 
s(: 6 c) 1422! (20) 
Cro ro 


n\Z re L\Z-1 

s(t n)ás(: 5) =! 
It is quite apparent from this equation that the 
electric field is made up of two parts: The first 
part is in the nature of a radiation field which 
varies roughly as 1/r. The second part is a purely 
electrostatic field, due to charges at the ends of 

the wire. 

Equation (20) enables us to learn a little more 
regarding the physical nature of N(¢) which first 
occurred in (6) and which was later shown to be a 
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constant. Indeed, by adding a constant N to Sin 
(20), we add 


ez= N INE 
1 


r 


to Ez. The first term in ez is obviously the Z 
component of the 1/7? field due to charge +N at 
Z=0. Similarly, the second term in ez is due to 
charge — N at Z=}. When we are dealing with a 
purely alternating distribution of current, we 
must be careful to select S in such a manner that 
it contains no terms which are independent of 
time. This may be done by adding a proper value 
of N. In general, the choice of N presents little 
difficulty as long as its physical nature and its 
origin are kept in mind. 

A case of considerable practical interest to 
radio engineers is obtained by putting 


4=19 sin 1-22 : 
=40 8 Ww C 


This is roughly the distribution of current actu- 
ally obtained in the so-called “terminated an- 
tennae” (Rhombic antennae, Beverage an- 
tennae, etc.). In these antennae the wires are 
terminated into their surge impedances so that 
current waves are not reflected from the end. 


When 
Li si (-7) 
t=ty sin w T) 


a Z 
S'=i1=19 sin o( 1-22) 


we have 


ws ioe iced 
S= cos a A) +e 


c=0. 


From (16) 
Bie eee fee 142 
H= sin w(t A)(1+2) 
io e to l Z—lł 
=g w(t € oi 7 ): (21) 


From (19), for very large values of 7, 


2i ; 
Hos= Ge cots sin É (1— cos n| 
r l 
cos EG) z cos n| - (22) 
From (20) 
Zo sin a(t a l 
at ee Z 
Aae Cr, (14%) 
1 sin(2 
° IGEGE Z-l 
F Cre (1+ Y2 ) 
Z 
+— cos o(1-2)5 
ro L Z—=—l 
—— COS o( 3-2) (23) 


The amplitude of Heos» has been plotted against 
0 in Figs. 3, 4 and 5 for L=)/2, L=), L=6). All 
of these figures clearly show the assymmetrical 
nature of radiation from terminated wires. For 
the sake of completeness, the angle of maximum 
radiation from wires of various lengths is given 
in Fig. 6. From this figure, incidentally, it ap- 
pears that the angle of maximum radiation from 
a terminated wire 1/2 ` long is not 90° but 68°. 
For longer wires, the angles of maximum radia- 
tion approach those for unterminated wires with 
standing waves.! 


1 See equations (28) and (29). 
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The power radiated by a terminated antenna 
may be calculated by two methods. 

First Method: This method is based on the 
properties of the Poynting Vector. If we sur- 
round the wire by a large imaginary sphere of 
radius rı with its center at Z =0, the power which 
passes through each surface element dS of this 
sphere is given by 


CH, Qco" 


bs dS. 


dP= 


Since Ho is constant along small circles defined 
by @=a constant, it is convenient to divide the 
whole surface into annular elements delimited by 
small circles which correspond to 0=0, and 
6=6,+d6,. The surface of the annular region 
formed in this manner is 


l dS=2rr: sin 6dé. 


The power radiated through the annular element 
is 
CH." 


ee 4r 


2rrè sin 6d6. 


Hence the total power radiated through the 
sphere at any given instant is given by 


"CH, 


2 
he, 0% w 2 
Ea d 2r sin 0rPdo 
_ 2i? 2 6 +9 wl 
=o cot? sin Ta (1— cos 0) 


cos? [a-a cos o) |as. 


The average power radiated per cycle is given by 


that is, 
— 2 2a fw 
BS TSF J ot! f sina- cos 8) 
cos? [att (1— cos o] dôdt. 


` By carrying out the integration with respect to £ 
first we get 


5 to a 28 . o wh 
cf cot z sin z067 cos 6)d6. 


If we now put w=1—cos 9 and note that 


6 _1+cos 0 


cot? = 
2 1—cos 6’ 


we obtain 
Pe 2- 2 woh 
P=G ; ( ue sin 7G du 


Second Method: By putting rı=Zo, r2=1—Zo 
in (23), we find that the electric field along the 
wire is given by 


; Zo ; Zo 
sin w i= 19 COS w ane a 
Er = — 2 En 


CZo YATA 7 
COS w p25 — A 
ch E AG 
= a oe 


The drop of potential across an element dZy of 
the wire is Ez'dZo Whenever current flows 
against a drop of potential it does work. The rate 
at which this work is done, that is, power, is 
given by the product of the in-phase components 
of the current and the opposing potential drop. 
In this case, the current is ¿=t sin w(t—Z/C) 
and the drop of potential opposing the current is 


rE 
sin w C. 


— Ez'dZo = 2io CZ dZo 
0 
l-7 
COS w 1—20) 
— to w dZo 
cos a(t 2) cos 2U-Z 
Á w—Zo)? “as 
sit (1-2) sin 24-2) 
— tio vü- Z) : dZ\. 


The in-phase component of — Fz’dZp is 


sin (:-2) 
oS et 


Ez!dZ y= 2iy CZ 
0 


sin o( 1-2) sin aZ) 


C 


w(l— Z)? aa 


io 
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Consequently, the power dissipated in dZ, is 


sity ( 2) 
sin“ w nT 
dP = —iEz dZi= i’ az iZ 
sin? o(1-2) E Ge 
i? OT dZa 
wll — Zo} i 
The average power per cycle is 
= i 
dP=—{  dPét 
ar, à 
alla sin? 0—Z,) 
=3| cu edz dZ. (25) 


The power radiated by the portion of the wire 
included between Zp=a and Zy)=/—a is given by 


ae Gm 
C d 
w(l— Zo)? 


Zo. 


z_i” l—a 2 42 l—a 
Pa f gii f 


If in the second integral we put /—Z)=u, we 
have 


a 
5 ir t—a 2 1o? ed C 
P=, Cz ah Du du 
or 
2 co 20, 
pat l—a@ 2 IZ io? l-—a@ S C du 
2 A aa Cu 
in 2wu i~a 
ta C 
wu la 


write 


2 2w 2eu|'e 
paid ta 2. cos Gu init sin =o 
2da Cu Cu 2 uU la 
When a—0, this becomes 
2w in Zool 
3 ie" 2 2 cos Gu S iel, sin —G l 
OJ, |C Cu C Zol P’ 


or if we put 


21— cos Ci sin oat 
z_i” C o ia C 
ae ah ge Oe Gl og ee) 
C 


This is exactly the same result as the one already 
obtained by the previous method. Equation (26) 
gives the power radiated from a terminated wire 
in terms of the peak current 7 and the length of 
the wire in wavelengths. 

For convenience of discussion, we may intro- 
duce a fictitious resistance R defined as follows: 


io\? 5 
R| —) =P. 
(35) 
This resistance may be called the Radiation 


Resistance of a terminated wire. 
From (26) we have 


1— cos ou sin 1 
PAT AE. 2 Ç 
C 
If we put 
wl I 
pa 
and 
x=pu, 
then 
_ 2 (”1— cosx 2/,_ sin 2e) 
R=of x dx (1 28 
2 ; sin 28 
a lou. 28+ sil 28+v-1+ 5 | @a) 
where 
y= S r 
In practical units, this becomes 
R=60| log, 28+ sil 28+y—1+ | hina: 


(26B) 
Fig. 7 illustrates variation of R with I/n. 

These results enable one to make some esti- 
mates of practical interest. As an example, con- 
sider a half wave antenna fed off-center by a 
single feeder of length L adjusted, as usual, so 
that it carries only traveling waves. Suppose 
that the average height of the feeder is H=50' 
and that the diameter of the feeder is 0.162 
inches (No. 6 A.W.G.). The surge impedance of 
the feeder is 


Zo= 138 logio HL 580 ohms. 
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Then if the R.M.S. current in the feeder is Z, 
the power delivered to the feeder is 


[z= 580 watts. 


On the other hand, the power radiated by the 
feeder is ZZR, where R is the radiation resistance 
of the feeder given in terms of I/ in Fig. 7. 
Suppose that the feeder is 1\ long, then R=127 
ohms. The power delivered to the half wave is 


zo? — RE =463P, 
that is, 
463 


or 80% of the power delivered to the feeder. The 


balance of 20% is radiated by the feeder. These 
calculations are admittedly rough since the 
image of the feeder in the ground is not taken 
into account. When the feeder proceeds at an 
angle to ground so that the major portion of 
the feeder is a considerable fraction of a wave- 
length above ground, the above calculation 
should be approximately correct. 

Before leaving this subject, we wish to call 
attention to equation (25) which was used in the 
calculation of the total radiated power. From this 
equation, it appears that when Zp is small dP is 
positive and when Zo is large, and particularly 
when it is nearly equal to /, dP is negative. This 
means that energy is thrown into space near 
Zo=0 and partially reclaimed near Z)=/1. Only 
the balance is radiated into free space. The 
amount of power which is circulated between 
the ends of the wire is very large; in fact, in 
accordance with our equations, it is infinite. 


This infinite value, however, is entirely due to 
the fact that in our calculations the wire was 
assumed to be very thin so that Ez” varies as 
1/Zo near Zo=0 and as 1/(/—Zo) near Zo=}. 
In any actual case Ez” cannot become infinite 
at Zo=0 and at Zo=/ and consequently the 
amount of circulating power will be finite. Since 
our equations for E probably become correct a 
small distance away from the ends, we have 
every reason to expect that the amount of 
circulating power is large in reality as well as 
in the idealized theory. 

Let us now consider a wire which is open ended 
at Zo=1. In this case, there will be two wave 
trains: the direct wave traveling forward, and 
the reflected wave traveling back. The current 
in the forward wave is given by 


ot Oreo Zo 
t=19 SIN W i= : 
the current due to the reflected wave is 


i’ = —io sin o(4+ 2-4) 


oa he 2) Z, 
= in sin ol ( C C 


The total current at any place along the wire is 


l-2 ohi D. 
C COS & C 


The amplitude of the total current thus varies 
sinusoidally along the wire, starting with 7=0 
at Zo=1. The loop current is 2¢). The electro- 
magnetic field produced by this distribution of 
current may be easily calculated from our equa- 
tions for traveling waves. Indeed, the total field 
is simply the sum of the fields—the field due 
to the direct wave and the field due to the re- 
flected wave. For example, the Ho component 
produced by the direct wave according to (21) is 


T=it+7' = — 2i sin w 


To SIN w r) 
Ho= ( 2 (1+5) 
pC ři 
to sin a(t i c) 
7 C C (1+2 n 
pC Y2 


The He component produced by the reflected 
wave may be obtained from Ho by interchanging 
rı and rz, also, Z and I—Z, and by putting 
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(t—1/C) in place of t£ and —% in place of to. 
After carrying out these changes, we obtain 


in sin ot r2 5) 
: TEC 1-Z 
1 
Hes pC (1+ rs ) 
io sin u(t Ti 7 
: -CC Z 
i pC (1-5). 


The total field is ho= Ho} Hø. 
In a special case when / is equal to an integral 
number of half waves, 


S 
ERY 
o 


| 


Lacan 


=A sin a(t) —=(> 1)? sin a(t) | (27) 


where [p= 2% is the loop current. This equation is 
one of the equations first derived by Pistolkors? 
using the Vector Potential Method. If in (27) 
rı is assumed to be very large so that 


r1—Y’e=!1 cos 9, 
p=r sin 9, 


the magnetic field reduces to the well known 
equations for the radiation field due to wires 
an integral number of half waves long :' 


. [r 
a: sin (ZN cos o) 


sin 0 (28) 

2“The Radiation Resistance of Beam Antennas,” by 
A. A. Pistolkors, Proceedings I. R. E., Vol. 17, No. 3, Mar. 
1929, pp. 562-579. 

3“Die electrischen Schwingungen um einen Stab- 
formigen Leiter, behandelt nach der Maxwell’schen 
Theorie,” by Max Abraham, Annalen der Physik und 
Chemie, Vol. 66, No. 3, pp. 435-472, 1898, No. 11. 


80 ELECTRICAL COMMUNICATION 
where N=2, 4, =, and 
T I Qin 0 5 wl 
210° (ZN cos i) Hos = 7 tang sin go + cos @) 
hos = 7 5 (29) 
Cry sin 0 r mes _ lw lw T n|: 
PIN CCTC 


where N=1, 3, 5p. 


Other components of the electromagnetic field 
due to a wire with standing waves may be ob- 
tained by exactly the same method as the one 
employed above to obtain Ho. 

When / is not equal to an integral number of 
half wavelengths but is an arbitrary length we 
may still write 

ho = He+ Ho’ 
and hence also 
hos = Hoot Hoa’. 
In this case 


From the above values of How and Ho,’ it is 
clear that in general these vectors are not in 
phase but out of phase by angle 


(2) 


Hence the total field is 


ol, 


hee | = 4/\ 0012+ | Hos’ |? — 2HosHow' COS C 


In Figs. 8 and 9 are shown radiation diagrams 


2io 0 . wl of wires 24X and 73) long. Both were calcu- 
Hos =—- cot = sin 7a (1— cos 8) : í 
rC 2° 2C lated from the above equation for |he.|. Fig. 
rı lw 9A, for comparison, shows the radiation diagram 
x cos | w| t—+)-—=— (1— cos 0) k 
C/ 2C of a wire 8A long. 
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RADIATION’ OF 8 WAVELENGTH STRAIGHT WIRE 
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Fig. 9A 


Power P radiated by a wire of length J may 
be obtained by the use of the Poynting theorem. 
This power may be represented by means of 
radiation resistance defined as follows: 

ay! = 
=) R=P, 
(3 = 
where (2i)/V2) is the loop RMS current. After 
the necessary integrations are carried out it is 
found that 

Ri=30Llog. (3.5628) — sin? B+sil 28] ohms, 
where 8=27r(i/\). Fig. 10 shows how R; varies 
with J/d. 

The following method of obtaining R: is prob- 
ably most enlightening. 


Since 
[hoo]? = | Hool? + | Hoc’ |? —2| Hea|| Ho | cos £, 


the average power radiated is 


Po Sf tool*2mr sin d l 
ti 0 


+ ge [Los 2er sin do 
Wo 


-gi {21 Hoel Hn’ |277 sin 0 cos gdo 
T 0 : 
=I+II-Ill. 


The first term is the power radiated by the 
traveling wave proceeding toward the open end. 
This has already been calculated. (See equations 
(24), (26), (26A), and (26B).) The second term is 
the power radiated by the reflected wave. Under 
the present assumption that the reflected wave 
is equal to the direct wave this term is obviously 
equal to the first term. The third term is the 
interaction term which gives the power dissi- 
pated by the current in the forward wave flowing 
against the field of the reflected wave plus the 
power dissipated by the current in the reflected 
wave flowing against the field of the forward 
wave. This third term is the only one which we 
now must calculate. 
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We have 


m= f sin 5 (1- cos @) sin (1+ cos 0) 


xX sin 6d6 cos B. 


If we put cos @=4 
then 
oif. B 7 . B 
I = 2 sin 5 (1—u) sin 7 (1+u) cos Bdu 
id -+1 
=G (cos Bu—cos 8) cos Bdu 
=1 i 
, 2 
„a(n eosa) 


Now from (26A) 


ei l 
I+ = 255 (log 26+ sil 26-y—14 028) 
hence 
IHIH =F { log. 284 sil 26-y— sin? s}: 


a, Ri= glog. 28+ sil 28-+y— sin? B} 


The interaction resistance Rm defined by 


7 2 

Ra( 2) =—III, is 

V2, ; 

E 23 __ sin 28 
Ry = 120( cos B ag ) ohms. 
On the loop current basis 
1 
Ym = g 


When the far end of the wire is not open ended 
but terminated into an impedance with reflection 
coefficient pet¥, the phase angle between Hoo and 
Hoe.’ is not (r—B) but (—8+¥). In this case 
the field 


| hoe | = V| Hool + | How’ 2 +2HooHoo cos (B—W) 


and the mutual interaction resistance (on the 
io/ V2 basis) is 


Rn=— 120| cos B- a e] cos (8— YF) ohms. 
The total radiation resistance on the (io/vV2) 


basis is 


Rr=R+p°R+pRm; 


Length of Antenna aay —_ 


Fig. 10 
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where R is the radiation resistance of a ter- 
minated wire of the same length. 

So far, only single wires have been considered. 
Let us now illustrate by a simple example 
some of the phenomena which may be ex- 
pected when more than one terminated wire is 
employed. In Fig. 11 there are shown two co- 
lincar wires AB and BC connected through a 
phase delay device B. Assume that the system is 
fed at A and terminated into the surge impedance 
at C, also that the phase delay device is such that 
there is no reflection of waves at B. 

Let the current along AB be 


41,=1% sin w 2 : 
1 0 C 


and the current along BC be 
bt ode Z 
dg =19 SIN c(i) : 


The delay at B is then —ow radians. The total 
power radiated by the whole system consists of 
four parts: 


the power dissipated by 71 flowing against its 
own field E1; 

the power dissipated by 72 flowing against its 
own field E2; 

the power dissipated by i flowing against Ez; 

the power dissipated by 72 flowing against Fy. 


‘The first two terms have already been discussed 
in some detail so that here only the third and the 
fourth terms need be considered. The average 
work done per unit time by £; on 72 in element 
dZ is given by 


. 1 (2%) cos wo 
U = ee —- 
— E'ita Z = A C Z 
2iocos we tosin wo to SiN cw : 
eek a Z wv Faz 


similarly, the average work done per unit time 
by Ex on 7, in element dZ is 


ui on a| + 
1; A Yd 
PRA SE S (Z—1? 
ee ecm 
w (Z—21)? 


Ey! and Ey are, of course, the in-phase compo- 


o P 2e 
—— jj, 
fy a PES 
A 1 B fo c 
Fig. 11 


nents of E£, and £z. The total power dissipated 
by interaction is 


2l l-—a@ 
pc f E'idZ— f EgidZ 
Te o 


and the total mutual interaction resistance on 
the îo/ V2 basis is then 


= “cop, ohms. 
10 


By carrying out the indicated integrations and 
then letting a—0, 


Rn = 60 cos wo log, 2 e) 


60 
È 26 sin 46 


2B 46 + sil 28— sil 46 |} 
+60 sin ol -p-a Sa g Pad 


_ cos 48 48 sin o |} 
46 | Tu 


cos 28 
+| 2B 


When $>, 


R, 
Rn = 60 cos vo log. 2 -5 


+60 sin vol 5-35] ohms, 


where Ry is the radiation resistance of a ter- 
minated wire of length / and ; 


p=2m- 


EXAMPLE 
Suppose that /=2n, then Rop=168 ohms and 


Rm= —127 cos (wo) +90.5 sin (wc) 
= 156 cos [ (wo) —144.5°]. 


The total radiation resistance of the system is 
thus 


R:=2Ro+-Rm = 336+156 cos (wr —144.5°) ohms. 


The maximum radiation resistance of 492 ohms 
is obtained with phase delay of 215.5° and 
minimum radiation resistance of 180 ohms, with 
phase delay of 35.5°. 
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The radiation resistance of a single wire 4) 
long is, of course, 


Ri=336+156 cos (144.5°) =209 ohms. 


It. may be of interest to note that the major 
lobes radiated by the individual wires add in 
phase and result in maximum directional radia- 
tion when the delay at B is 237°. This value of 
delay corresponds to the total radiation resist- 
ance of 479 ohms. Thus a radiating system made 
up of terminated wires may have maximum 
directivity at the very time when its total radia- 
tion resistance is nearly maximum. This result 
is in direct contrast with the usual conclusion 
that the directivity varies. inversely as the total 
radiation resistance. 

Before leaving this subject, it must be pointed 
out that all of the above calculations of radiation 
resistance are subject to correction for attenua- 
tion due to radiation. As long as the calculated 
values of radiation resistance on the io/V2 basis 
are small in comparison with the surge imped- 
ances of the radiating wires, this correction is 
quite small. When, however, the values of 
radiation resistance differ only slightly from the 
value of surge impedance, this correction may be 
fairly large. Indeed, the radiation resistance of a 
very long terminated wire should asymptotically 
approach some value close to the surge im- 
pedance of the wire. For this reason equation 
(26A) cannot be regarded as even approxi- 
mately accurate when the value of R calculated 
from it is nearly equal to the surge impedance of 
the wire. 


H. The First Method 


In accordance with the first or Vector-Scalar 
Potential Method, the components of the 
electromagnetic field at a point P in space are 
calculated from the following equations: 


H=curl A, (30) 
B=) grad ¢, (31) 
A= f Lla, (32) 
$= f ra (33) 


In these equations H is the magnetic field, E 


the electric field, i the conduction current along 
the radiating conductor, ¢ the charge density 
in the conductor, A an auxiliary vector usually 
referred to as vector potential, and ¢ is an 
auxiliary scalar (scalar potential). r is the dis- 
tance between point P(X, Y, Z) in space and a 
point (Xo, Yo, Zo) on the conductor. dv is an ele- 
ment of volume. Symbols [ ] are used to indicate 
that, in the function within the brackets, time ¢ 
has been replaced by (¢—7/C). The integrations 
extend over the whole volume of the conductor. 
When the conductor extends in more than one 
dimension, current i is a vector which has two 
or more components. Accordingly, A is also a 
vector. 

The above fundamental equations may be 
derived from Maxwell’s equations and some 
additional assumptions in the following manner: 
Consider Maxwell’s equations 


1. Ant 1; 
curl H-GE=—a, (a) curl E+@H=0, (c) 
div E=4ro, (b) div H=0. (d) 


From (a) and (b) it follows that 
divitc=0. (e) 


In these equations dots placed above various 
quantities indicate partial differentiations with 
respect to time. If we let 


H=curl A (34) 


we have, in view of (c), curl [z+] =0. The 


fact that the curl of vector [2+3 à| is zero, 


makes it possible to put 


B+4A = —grad ¢ 


: ae 1.]. 
without limiting [z+ 4| in any way whatso- 
ever. ¢, of course, is as yet an unknown scalar. 
We are now in a position to express both E and H 
in terms of the new quantities A and ¢. By intro- 
ducing these quantities into (a) and (b) we get 


curl curl A +% ate grad ¢ =4ré » (35) 


—div Å —y?p=4ro. (36) 
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Let us now assume that A and ¢ are such that 


div A+44=0; (37) 
then (35) and (36) become 
&A 1 4r. 
2 A Ea a A 
vAn Go oe (35) 
Po 1 
ve- T= —4ro. (39) 


These equations, as is well known, have the 
following solutions: 


Amz f En, 


o= [ as, 


in which the indicated integrations extend over 
that portion of space where 7 and ø are different 
from zero. 

If we retrace the steps we have taken to derive 
(40) and (41) in the reverse direction, starting 
with (40) and (41), we will have the proof of the 
following theorem: 


If 
A cf” 


and if A and ¢ are such that 


(40) 


(41) 


and 


div A+50=0, 
then 
A=curl A, 
6A 
k= 5p Brad $ 


are solutions of Maxwell’s equations and conse- 
quently the correct solutions of a given problem. 

Let us now ask the following questions: Sup- 
pose we are given a certain distribution of 7 and 
o, what guaranty is there that A and ¢ calculated 
from this distribution are such that 


div A + =0? 
Or, in general, what distributions of 7 and a, if 


any, will give us A and ¢ which do satisfy this 
condition? 


In order to answer these questions, we must 
express condition (37) in terms of i and o 
themselves. By replacing A and ¢ in (37) by 
their expressions in terms of 7 and ø, we obtain 


_ 1 fU] è ie 
divg | “o+ [Gao 


Now since the integrations are to be performed 
with respect to coordinates Xo, Yo, Zo of points 


- on the conductor while the divergence is taken 


with respect to entirely independent coordinates 
X, Y, Z of a point P in space, we may reverse 
the order of these operations. Similarly the 
differentiation with respect to £ may also be 
carried under the integral sign. Thus we get 


f | diverz Le] zð: 


. (42) 


At this point the following observations are 
pertinent: 

We are dealing with two entirely independent 
sets of coordinates: coordinates of a point P in 
space X, Y, Z and coordinates of a point on the 
conductor Xo, Yo, Zo. Current 7 is a function of 


XoVoZ, and ¢; 
i=i(t, Xo, Yo, Zo). 
Distance risa function of both sets of coordinates, 
P= (XX (V— Vo) (Z-Z); 


[i] is also a function of both sets of coordinates: 
[iJ=i| (+-+), Xo, Yo, z|. 


Divergence which occurs in (42) or in (37) is 
taken with respect to coordinates X, Y, Z of a 
point in space and will be designated by divxyz, 
in order to distinguish it from a divergence taken 
with respect to coordinates Xo YoZo, which will 
be denoted by divx,y,z,. Now 


divxrz[i]=divxrzi| (1-4), Xo, Yo, Z| 


G 
ala], ote], olig 
=x TEV t az 
_òli]/ 1 ér\ , if 1 & 
E ral cee) + E car) 
ôli]/ 1ôr 
a 25) 
ô[li]/1 ê 1 6 , 1 & 
=y (temnite) (42A) 
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since 
ôr _ sr ér_ ôr ér_ ôr, 
dX 6X) SY bY) 62 ôZo 


On the other hand, 


s[i]/1 ê , 1 dr , 1 Or 
(z 5X0 CSV, +29) 


+ [divx,r, zi], 


where by [divx,y,z,2] is meant divx,y,z,î in which 


divx,y, Zo [i] mwn 
(43) 
t has been replaced by (=z) after the differen- 


tiations had been performed. From (42A) and (43) 
it follows that 


divxyz[4]= —divx,y,z,L¢J+ [divx,y,z,¢]- 


The continuity equation (e) which, of course, 
holds along the conductor, requires that 


(44) 


divx,y,z,t-+o=0 
for any and all values of ż and, in particular, for 
v= (‘-Z) ; consequently also 
[divx,v,z,¢ ]+Le]=0. 
If B is any vector, 


div( 31) = 2 B 


(45) 


B. eae 7 


in which the divergences are taken with respect 


to any system of coordinates. Therefore, 


ae zli] 


diveral GE} = +[7]- gradxrz 1 


Te = Zy Li] 


1 
+ [7]- gradx.y,z, = = 


: <4 
divx,y,z, { As \ = 
Now since 

1 1 
gradxyz p A gradx,y,z, y 


n 


£ divxrzli ]+divx,y, Zo [i] 
r 


E Ll divx, TA 


divxyz 


or, in view of (44), 


Li] [divx,y,z,72]  ,. [i], 


r divx,y, Za 


divxyz (46) 
With the help of the above auxiliary equations, 
we may now simplify equation (42). In fact, if in 


n 


(42) we replace divxyz == by its value as given 


by (46), we obtain 


[= 2 l+é 


divx,y,zZ, Ela =0. 
r r 


In view of (45) this reduces to 


f dee par =0. 


In accordance with the well known theorem 
due to Gauss the volume integral of divergence of 
a vector is equal to the surface integral of the 
normal component of the same vector; hence, 


[diver nd diy SF] 2s 


= f las=0 (48) 


and this must hold for any and all locations of 
point P in space. 

When the conductor is entirely disconnected 
from all other conductors, the component of 
current normal to the boundary of the conductor 
is certainly equal to zero at all points on the 


surface and 
f Ghas=o. 
t 


But when a conductor is fed with power, the 
situation is quite different. 

Assume, for example, that the conductor re- 
ceives current through two small areas Sı and Sz. 
Then [i], is zero except at Sı and S2; con- 
sequently, 


[Etas- Liho phs, 
s F fi~ Y2 


(47) 


In this equation 7; and rz are distances from Sı 
and Sz to a point P in space. Obviously in this 


case f Ubas cannot be equal to zero for all 


possible locations of P unless both [i], and 


[in Jn are equal to zero. 


Thus we have arrived at the following con- 
clusion: 

(1) When a conductor is disconnected from all 
others so that no current either enters or leaves it 


[Eotas=o 
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and hence the condition 
div A+ 4o= 
fulfilled. 


(2) When a conductor is fed, this condition is 
in general not satisfied. 

From these considerations, it follows that 
when the vector-scalar potential method is ap- 
plied to wires which are an integral number of 
half wavelengths long and which are considered 
to be free of feeders, the results obtained will be 
correct. But when this method is applied to such 
systems as, for example, a terminated wire in 
which current must enter and leave, the results 
in general will be wrong. 

As an illustration of the erroneous result which 
may be obtained by this method when 


div A+ 7x0, 
the following calculation of the electric field due 


\to a terminated wire of length / is presented. The 
current is assumed to be 


4=1 sin (:-2); 
Somme w C ’ 


att sin Ha 
=p w C 


and consequently, 


a sin a 4 2) 
; f_o 
Iei UE N 


C 


hence 
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it follows that 


1 ôA 
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Hf 5 Zo Sin o(1-2-4 
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T cos a r 23) 
p aee LAG 
CC 
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1 6A 
In this expression, the last term is equal to CH 


so that 
irs to sin o(1-2-@) 
Ea=¢ | 6Zo r dZo 


sin o( 2-2") 
to C C 
AG r 
io sin (1-7) io sin o(-2-4) 
Ç cC C), 
7 Cry + 
This result, while it is offhand apparently 


reasonable, is of course wrong. This may be seen 
by comparing it with equation (23). 


Summary and Remarks 


Two procedures for calculating radiation fields 
have been discussed in some detail. It was shown 
that while the first procedure is applicable only 
to unfed and unterminated radiators, the other is 
quite free from these limitations. The second was 
used to derive the expressions for the magnetic 
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and the electric fields produced by traveling 
waves progressing along a linear conductor of 
length 7. These expressions hold along the con- 
ductor, near the conductor, as well as at a large 
distance from the conductor. The energy radiated 
by traveling waves which progress along a con- 
ductor of length 7 was calculated and expressed 
in terms of Radiation Resistance defined in a 
suitable manner. It was shown that the fraction 
of energy lost by traveling waves, through radia- 
tion, depends on the surge impedance of the 
radiating conductor. The lower this surge im- 
pedance, the greater is the fraction of energy 
radiated by the traveling waves; hence the rate of 
attenuation due to radiation is also greater. 
Therefore, an antenna, employing terminated 
conductors, is made more efficient by reducing 
the surge impedance of these conductors. The 
values of Radiation Resistance calculated in 
the paper enable one to estimate the radiation 
attenuation. 

By making use of the expressions for the mag- 
netic and electric fields due to traveling waves, 
the fields produced by open ended conductors 
were calculated. These calculations were based 
on the assumption that the amplitude of the 
reflected wave is equal to the amplitude of the 
forward wave, in order that the results obtained 
from the present theory may be more readily 
compared with the well known results obtained 
by Max Abraham‘ and Pistolkors‘ for wires an 
integral number of half wave-lengths long. For 
the sake of completeness, the fields produced by 
wires of any length, as well as the radiation 
resistance of such wires, were calculated on the 
same assumption. The radiation resistance versus 
length of wire curve thus obtained (see Fig. 10) 
was found to be wavy and not smooth. This 
result is at variance with the accepted radiation 
resistance curves found in current literature. 


4 Loc. cit. 


A method for calculating the radiation re- 
sistance, as well as the field due to wires of any 
length and terminated into any impedance, is 
included. 

The effect of a phase delay device placed at 
the center of a wire terminated into its surge 
impedance was considered in some detail. These 
calculations show that the radiation efficiency of 
terminated conductors is increased by the use of 
phase changers. It can be shown also that the 
fields, produced at a distant point by wires 
equipped with phase changers, are greater 
than those produced by continuous wires of the 
same length. 

No attempt was made in this paper to treat 
the subject of radiation attenuation in as much 
detail as it deserves. It should be pointed out, 
however, that in calculations of radiation fields as 
well as of radiation from very long radiators or 
from long radiators equipped with phase changers, 
the radiation attenuation must be taken into 
account if erroneous results are to be avoided. 
When the radiation resistances on the ip/V2 
basis are not too large in comparison with the 
surge impedances, first approximations may be 
secured by simply calculating the attenuation 
of the forward waves from the radiation re- 
sistance, as explained in the body of the paper, 
and then assuming that only the current which 
is left over is reflected from the end of the con- 
ductor, so that the total radiation pattern and 
the second approximation to the radiation re- 
sistance of the radiating conductor are calculated 
on the basis of two waves of unequal amplitudes 
traveling in opposite directions. 


The author, in conclusion, gratefully acknowl- 
edges the encouragement, helpful criticisms, and 
suggestions received in connection with the 
preparation of this paper from Mr. Haraden 
Pratt, Vice-President and Chief Engineer, Mac- 
kay Radio and Telegraph Company. 
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and 
E. N. WENDELL 
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HE R.M.S. Queen Mary of the Cunard 

White Star, Limited, has been pro- 

vided with a radio installation entirely 
in keeping with the high standard of naval 
architecture and marine engineering represented 
in the design and construction of this mag- 
nificent ship. Undoubtedly, the radio installation 
is the largest and most complete in the history 
of marine radio, and has been engineered to 
meet all commercial telephone and telegraph 
traffic requirements, in addition to the usual 
navigational and safety services. Many recent 
advances in radio technique have been em- 
bodied in the design of the radio system, and 
several features hitherto associated only with 
land stations have been applied for the first 
time to a marine radio installation. 

In planning the radio telephone installation, 
every consideration was given to features con- 
tributing to the convenience of the passengers 
or otherwise improving the value of the service. 
As a result, radio telephone service to or from 
the Queen Mary is practically on a par with 
long distance telephone service so familiar to 
the subscriber on land. 

A complete voice-operated switching device, 
the so-called V.O.D.A.S., which forms part of 
the ship’s radio installation, makes it possible 
for a passenger to talk on the radio telephone 
circuits from any one of the 500 telephones of 
the ship’s two-wire telephone exchange, even 
under the most difficult radio conditions. 
Passengers’ telephones are located in all cabin 
class staterooms and in booths conveniently 
located with respect to the various public 
salons throughout the ship. 
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A second feature designed to minimize service 
delays is the duplication of the radio telephone 
facilities, making it possible to maintain a circuit 
to Europe simultaneously and independently 
of a direct circuit to America. Both circuits 
may also be diverted to Europe or America, 
thereby providing two independent circuits 
when required to handle the traffic load. 

An innovation introduced to insure complete 
secrecy of radio telephone conversations against 
the casual ‘‘eavesdropper’’ is the frequency 
“wobbler.” This equipment is additional to the 
usual privacy devices and provides the same 
degree of secrecy as is obtained on high grade 
overseas radio telephone circuits. 

During the maiden voyage, radiotelephone 
calls were completed from passengers’ cabins to 
points as distant as Cape Town and Johannes- 
burg, South Africa. 


Radio Telegraphy 


The radio telegraph facilities also have been 
engineered on an ample scale, permitting the 
rapid handling of passenger radiograms, naviga- 
tional services, and extensive press dispatches 
utilized for the publication of the ship’s daily 
newspaper. 

Each of the four normal operating positions is 
equipped with a typewriter, a telegraph key, and 
a number of radio receivers, as well as with 
remote control for starting, stopping, and chang- 
ing the wavelength of the radio transmitters. 

While each position is normally manned by one 
operator, it is possible for two operators to work 
at each position for full duplex operation. The 
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average operating speed is between 25 and 30 
words per minute for manual operation. 

For higher speeds and to minimize delays 
during peak conditions, three auxiliary auto- 
matic positions are available. Two positions are 
equipped with perforators and auto-transmitters, 
while a third position is fitted with an undulator 
and typewriter for high speed reception. Tele- 
graph speeds up to 100 words per minute have 
been obtained under practical conditions. 


Broadcasting 


The Queen Mary is provided with a complete 
built-in broadcasting system, rivalling the most 
modern land broadcasting stations in quality of 
performance. 

The two short wave transmitters, which are 
also used for telegraphy and commercial teleph- 

-< ony, have uniform frequency characteristics 
up to 8,000 p:s, and the harmonic content 
is surprisingly low. 


R.M.S. “Queen Mary” Shortly Before Docking at New York. 


Permanent microphone pickup points are 
available in the principal public salons. The 
ship’s modern soundproof studio possesses ex- 
cellent acoustical properties and is equipped with 
a piano. 

A special high fidelity radio receiver is avail- 
able for the reception of important broadcast 
programs from land stations. These programs 
can be distributed to any part of the ship through 
the numerous loudspeakers of the ship’s sound 
rediffusion system. 

On the maiden voyage, numerous broadcast 
programs of various durations up to three- 
quarters of an hour were transmitted successfully 
to England, France, Denmark, and Holland, 
and were distributed in America over several 
nation-wide hookups. 


Navigational and Safety Services 


One of the principal duties of the radio staff 
at sea is to keep a permanent watch for distress 
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signals. There are also numerous navigational 
instructions, weather reports, ice and obstruc- 
tion warnings, etc., to be received at regular 
intervals. The Queen Mary, in fact, will at no 
time be too much occupied to work even the 
smallest collier or tramp on the 600-800 meter 
band, in addition to listening for distress signals. 


Reliable equipment obviously is required for | 


these services. 
These requirements are substantially met by 


one long and one medium wave transmitter of 
solid construction with approximate ranges of 
2,000 and 1,000 miles, respectively. A bank of 
selective and stable receivers covering the same 
wavelength ranges ensures uninterrupted re- 
ception. ‘These equipments are also utilized 
for handling commercial radiograms during the 
intervals when not required for the more im- 
portant navigational services. 

For safety purposes, an independent unit 


May 31st.1936, 


eireunstances. 


The undersigned members of the British press, 
accompanying R.M.S QUEEN MARY on her maiden voyage from 
Southampton to New York, wish to place on record their high 
appreciation of the services rendered by all the members of the 


Ship's Radio Staff, under exceptionally difficult and exacting 


Testimonial from Members of the British Press. 


`- Cunard White Star 
RMS Queen Mary’ 
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Rotating Loop Portion of the I.M.R.C. Radio Direction Finder Installed on the Bridge of the R.M.S,. 
Queen Mary. 


E A E 


consisting of a medium wave transmitter and 
receiver, operated from a storage battery in- 
stallation, is always kept in readiness in case of 
major failures or interruptions to the ship’s 
power supply. The emergency transmitter has 
an approximate range of 500 miles and is of the 
type normally installed as the main transmitter 
in ships of average size. Provision has also been 
made for keying the main transmitters locally 
from the transmitting room in the event of 
failure of the control circuits from the operating 
room. 

Two of the motor lifeboats are fitted with 
radio installations of standard Board of Trade 
type. In addition, these lifeboats have small 
radio telephone sets similar to those usually 
supplied to coasters and trawlers and are so 
simple to operate that communication can be 
maintained by any member of the crew in the 
absence of a skilled radio operator. These are the 
first ship’s boats ever equipped with radio tele- 
phony in addition to the usual radio telegraph 
installation required by. the Board of Trade. 

The I.M.R.C. Radio Direction Finder is 


located in a special compartment on the bridge 
adjacent to the Sperry Gyro Master Compass 
compartment and near the ship’s standard 
compass. One of the several “repeater” com- 
passes controlled by the Gyro Master Compass 
is associated with the scale of the direction 
finder in a manner such that it is possible to 
obtain the compass bearing of a radio station 
without reference to a simultaneous reading of the 
standard compass, as is usually required. The 
range of the direction finder is 300 to 400 miles. 
On the return voyage a considerable amount of 
fog was experienced east of the Bishops, and the 
direction finder was in constant use as a check 
upon the position of the ship by dead reckoning. 
The results obtained proved to be extremely 
satisfactory, and as a consequence Cherbourg 
Harbor was made without difficulty and with 
complete confidence. 


Automatic Wave-Change Feature 


A large modern liner requires many frequencies 
or wavelengths—the Queen Mary uses thirty- 
two different frequencies—for the successful 


ELECTRICAL COMMUNICATION 93 


operation of its radio services. Moreover, these 
frequencies must be shifted frequently during 
the day in order to meet varying conditions 
depending largely on time and distance. In the 
past, the various coils and condensers asso- 
ciated with the radio transmitters were changed 
manually and the time required for a single 
wavelength change varied between 5 and 15 
minutes. It was usually necessary to keep a 
permanent watch at the transmitters and close 
cooperation was essential between the radio 
operator and transmitter attendant. The alter- 
native solution on small installations was for 
the operator to leave the circuit while making 
the necessary changes in the transmitter. In 
any case, a considerable percentage of the total 
time was lost and the service was subject to 
fairly long delays. 

The problem was solved on the Queen Mary 
by means of the simple automatic dial familiar 
to telephone subscribers and associated with 
relays similar to those found in an automatic 
telephone exchange. The ten numbers on the 
dial correspond to ten different frequencies, 
and the time required for a complete wavelength 
change is from 3 to 5 seconds. The four main 
transmitters on the Queen Mary are on dial 
control direct from the operating positions 
located about 400 feet. from the transmitting 
room. In addition to the tremendous saving in 
time and reduction in service delay, the trans- 
mitting room may be left unattended. 


Multiplex Operation 


A feature contributing largely to the traffic 
handling capacity of the Queen Mary’s radio 
installation is multiplex working, one of the most 
difficult problems that presents itself to the 
marine engineer. Its solution on land is com- 
paratively simple since the transmitting and 
receiving aerials are usually separated by a 
considerable distance. On a ship, however, this 
separation is reduced to a few yards. 

The problem has been completely solved on 
the Queen Mary by special attention to antenna 
design, lead-in arrangements, and selective 
receivers. It is possible to operate duplex tele- 
graph circuits, two-way telephone circuits, 
and receive broadcast programs while all four 
transmitters are in operation on full power and 


on any combination of the thirty-two operating 
frequencies. On one occasion during the maiden 
voyage, the traffic volume was so heavy that 
three outgoing and five incoming telegraph 
channels were being operated simultaneously 
while, at the same time, a radio telephone call 
was in progress. 


Traffic Handling Capacity 


Some idea of the traffic handling capacity of 
the installation may be gained from the following 
figures of traffic completed on the maiden west- 
bound voyage. These figures constitute a record 
by a very wide margin in each of the categories 
listed and were made possible by two features— 
automatic wave change and multiplex operation: 


1,808 radiograms transmitted, totalling 95,744 
words; i 


Direction Finder Apparatus Fitted in a Special Compartment 
Immediately below the Loop. 
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Floor Plan of Radio Rooms on the Queen Mary. 
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1,351 radiograms received, totalling 36,119 
words; 

149 commercial radio telephone calls, totalling 
826 minutes; 

40 different broadcast programs transmitted 


from the ship, totalling 647 minutes. 


General Description of Radio Installation 


The layout and general appearance of the 
radio rooms are illustrated by the floor plan and 
photographic views reproduced on these pages. 


PASSENGER RADIO OFFICE 


The passenger radio office is located on the 
port side of the sun deck immediately above-the 
main hall, and may be reached by the staircase on 
either side of the main hall or by the main 
elevators. Here, radio officers are in constant 
attendance to care for passengers’ requirements. 
Messages may be received directly across the 
counter or by telephone from any part of the 
ship. The principal duties of these officers are to 
accept radiograms and radio telephone calls, to 
supervise the delivery of incoming radiograms, 
to assist in locating a passenger called by a land 
subscriber, and to supply information regarding 
rates and addresses. For the latter purposes, tele- 


perennem 


Radio Transmitter Room, Showing the Transmitters Which 
Ave Remotely Controlled from the Radio Operating Room 
400 Feet Away. 
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Radio Operating Room, Showing Some of the Receiving Equipment. 


phone directories and information on rates to all 
parts of the world are available at the counter. 

In the passenger office, also, are two comforta- 
ble writing desks, suitably equipped with writing 
materials and message blanks, and a portable 
typewriter is available for the use of passengers 
who prefer to type their messages. 


CLERICAL OFFICE 


A small clerical office, immediately behind 


the passenger accepting office, is used for ac-. 


counting, billing, and filing, and is equipped 
with the necessary cabinets and desks. Here, 
incoming radiograms are also prepared for 
delivery. 


RADIO OPERATING ROOM 


The radio operating room is entered through 
the clerical office. Four operating positions, two 
for short wave and broadcasting, one for medium 
wave telegraphy, and one for long wave teleg- 
raphy extend the length of the room. The instal- 
lation comprises eleven receivers, four for short 
waves, four for medium waves, and three for 


long waves, in addition to two radio telephone 
terminal equipments, and the remote control 
equipment for starting, stopping, changing 
wavelengths, and adjusting the power output of 
the radio transmitters. 

The auxiliary automatic telegraph equipment 
is mounted on a separate table opposite the 
main operating positions. A supervisor’s desk 
and the emergency radio equipment complete 
this part of the installation. 


RADIO TRANSMITTER Room 


For convenience in antenna lead-in arrange- 
ments, the four radio transmitters are located in 
a separate room about 400 feet aft of the oper- 
ating room and approximately in the position of 
the rear mast. The two short wave transmitters 
deliver about 500 watts to the antenna systems 
and ten spot wavelengths are available on each 
transmitter under dial selection. These trans- 
mitters are used for telephony, telegraphy, or 
broadcasting, as required, and insure good com- 
munication during practically the entire Atlantic 
crossing. 
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The long and the medium wave transmitters 
deliver approximately 3 kW. to the antenna and 


are primarily used for telegraphic communica- | 


tion. Seven wavelengths are used for long wave 
and five wavelengths for medium wave communi- 
cation. As in the case of the short wave trans- 
mitters, automatic dial selection is employed. 

The power board, seen at the end of the trans- 
mitter room, distributes a-c. power to the various 
transmitters and all equipment in the operating 
room. : 


Power SuppLy Room 


The power supply room, located on a lower 
deck near the engine rooms, contains a duplicate 
machine group of 40 kW. each for converting the 
ship’s d-c. supply to 220 volt 3-phase 50 cycle a-c. 
for the operation of the radio equipment. These 
machine groups are entirely controlled from the 
power board in the transmitter room. 


ANTENNA SYSTEMS 


The antenna installation comprises four trans- 
mitting, and one emergency 
transmitting-receiving aerial. Two features are 
of special interest: 

For short wave transmission, the use of 
directive aerials is practicable due to the fact 
that the ship’s normal bearing during the major 
portion of the transatlantic crossing does not 
vary more than thirty degrees from the bearing 
of the shore stations. 

On the receiving side, coaxial cables similar to 
those now being installed for broad band trans- 
mission are used for transmission lines connecting 
the aerials to the various receivers. A unique 
coaxial switching panel permits the selection of 
any aerial for connection to any receiver. 

Various precautions have been taken to insure 
quiet receiving conditions, such as the provision 
of filters in all power machinery and equipment 
throughout the ship. To eliminate the usual 
troublesome stay noises so familiar on. ship 
installations, all stay wires on the. mast and 
funnels have been securely connected to earth at 
both ends of the stays. All downhauls on the 
masts and funnels have been insulated and 


five receiving, 


Electrical Generating Plant, Supplying Power for the Queen 
Mary Radio Installation. This Equipment 1s Duplicated 
against the Possibility of a Breakdown. 


securely fastened to avoid any possible swinging 
of these cables against any metallic structures. 


In connection with the successful completion 
of the Queen Mary radio installation, grateful 
acknowledgment is made for the assistance and 
cooperation of the Cunard White Star officials, 
the Naval Architect, and the Marine Super- 
intendent. The British General Post Office also 
made special arrangements for exchanging opera- 
tors on the Queen Mary with those of the Portis- 
head Radio Station, as well as for calibrating 
the direction finder off the Port Patrick Radio 
Station. 

The radio equipment of the R.M.S. Queen 
Mary was almost entirely manufactured by 
companies in the International System and was 
supplied and installed and is operated by the 
International Marine Radio Company, Limited, 
under contractual agreement with the Cunard 
White Star, Limited. The I.M.R.C. has equipped 
eight of the ten British transatlantic liners so far 
furnished with facilities for subscribers’ radio 
telephone service. 


Recent Telecommunication Developments of Interest 


P o Tyre MessacE REGISTER. With 
gradual transfer from flat rate to message 
rate service, an economical cabling scheme has 
not been as practicable as in cases where message 
rate service has been standardized. Since, in 
general, provision of message registers for all 
lines simultaneously is not economical, the 
practice has been to run register cables to spare 
terminal strips on the M.D.F. to which the lines 
are jumpered as required. Objections to this 
procedure are that registers cannot be arranged 
in the sequerice of the subscribers’ numbers and, 
as message rate subscribers increase, it becomes 
difficult or impossible to provide accommoda- 
tions for terminal strips or jumpers. 

The plug-in type message register has been 


designed by the Bell Telephone Manufacturing - 


Company, Antwerp, to provide for such cases. 
It permits a simpler layout and eliminates the 
costly process of jumpering, cables being run 
directly from the register rack to the numerical 
side of the M.D.F. and permanently connected 
to the existing terminals. When a subscriber is 
transferred from flat to message rate, all that is 
necessary is to plug in one of these message 
registers. 

In 7-A.1 Rotary Exchanges, where the message 
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register is connected in parallel with the cut-off 
relay, and where it is necessary to maintain the 
combined resistance of message register and cut- 
off relay at 600 ohms, a plug-in type resistance 
has been developed for use on lines without 
message registers. It therefore is possible to 
change lines from flat rate to message rate 
without altering the strapping of the cut-off’ 
relay. 
doo ð 


N interesting development of the Bell 

Telephone Manufacturing Company, Ant- 

werp, Belgium, is the so-called “Speech Translat- 
ing System.” 

When meetings are held at which speakers use 
a language which is not understood by all the 
delegates present, it has generally been the cus- 
tom to read a translation of the speech either 
immediately thereafter or at the end of the con- 
ference. Apart from the loss of time involved, 
this procedure has generally been regarded as 
unsatisfactory inasmuch as it disturbs the 
continuity of the meeting and is rather trying 
to the patience of those who have already heard 
and understood what has taken place. 

By means of the equipment shown in the 
accompanying illustration, a translation of the 
speech can be distributed by means of head- 
phones to any of the delegates present at the 
time the speech is delivered. Such equipments 
were recently supplied by the Bell Telephone 
Manufacturing Company to the “Chambre des 
Représentants” and to the “Commission Syndi- 
cale de Belgique,” both of Brussels. So far as is 
known, they represent the only installations of 
this character to date, apart from the system in 
use by the League of Nations at Geneva. Two 
positions, which can be used either simultane- 
ously to translate into two languages for the 
benefit of the delegates or as relief desks, are 
provided at the translator’s desk. 

The equipment is mains operated. The micro- 
phones are of the permanent magnet, moving 
coil type provided with a special mouthpiece 
designed to eliminate room noise. The amplifier, 
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which is mounted in the upper part of the desk, 
provides an amplification of approximately 70 
db., the gain-frequency being constant to within 
2 db. over the frequency range of 100-6,000 p : s. 


A small potentiometer at each listening point 
provides facilities for volume adjustment. The 
headphones are of exceptionally light design, 
weighing only 130 grammes. 


~ 


Speech Translating System 
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Telephone and Telegraph Statistics of the World 


Compiled by Chief Statistician’s Division, American Telephone and Telegraph Company 


Telephone Development of the World, by Countries 


January 1, 1935 


NUMBER OF TELEPHONES Per Cent Telephones 
COUNTRIES Government Private of Total Per 100 
Systems Companies Total World Population. 
NORTH AMERICA: 
United States......c. cece cece eee ceeteeencercen veces — 16,868,955 16,868,955 50.29% 13.36 
Canada siai es det witty i aia apa ate EE ale EEE ARE EA 190,602 1,003,127 1,193,729 3.56% 11.00 
Central America... E EAE AA EEREN EAN 11,748 13,921 25,669 -08% 0.37 
Merino ep ian aa reaa este EENE h A TE A a ole 1,337 107,315 108,652 32% 0.62 
West Indies: 
Ciba ree lyre shh e EERE ie A EE ee Sa wane, EE Ri 500 32,494 32,994 10% 0.79 
Puerto: RICO ieee gigs eed wae ba bie oe ae Deitel agency 537 11,529 12,066 04% 0.72 
Other W. I. PACED s aaa aan LEEA e AA ee eee eee 7,594 14,800 22,394 07% 0.33 
Other No. Am. Places... 0... 0. ccc ee cee cee eee — 11,111 11,144 03% 3.03 
WO talle cc Fecal ote ahve heen ayertara eden 212,318 18,063,252 18,275,570 54.49% 10.47 
SOUTH AMERICA: 
BA v= 2108 ii Sa ie ESEAS EEEIEE ALEAT rea — 322,873 322,873 96% 2.69 
Bolivigwse.s cso EET DEPE EEA I E E E R — 2,218 2,218 01% 0.07 
Bra i E E I okt oO eds TE ONE 1,924 190,742 192,666 57% 0.41 
E LIAR STEESEL A NEENA EEN A EE he = 50,360 50,360 15% 1.12 
CEDIR iy sae 0 Abe tee Ripka aa ORS TA ET 7,407 25,377 32,784 10% 0.34 
PE CUAC OR jal ie't feptiencs dbp eaupetse. ead meee DAA aed ae Go Please 3,121 3,250 6,371 02% 0.25 
Paraguay s ogee rata etd iaaa KIEN Ten whe EA ies, age — 2,996 2,996 01% 0.33 
Peru.... 7 $ a _ 20,985 20,985 06% 0.32 
Uruguay.. 19,651 12,532 32,183 09% 1.60 
Venezuela........... s i . 3 ne 600 18,685 19,285 06% 0.58 
Other So. Am. Places. ......... 0.00 e cee ee cee cee 2,803 — 2,803 01% 0.52 
Total se ashes he Fale Omen Bah io Sa LN 35,506 650,018 685,524 2.04% 0.75 
EUROPE: 
AUSET Ia ecco sive cos owen EA EAT Mow cece eke ae eve 258,748 — 258,748 17% 3.82 
Belgium**,.. 323,423 = 323,423 96% 3.91 
BULATE i a Masi a AE AN Sie od ay A Ddoe 20,646 — 20,646 06% 0.34 
@zechoslovakia.: s,s scutes a eta loach chow tad ta eect 150,245 21,401 171,646 51% 41.13 
Denmark Hic r fcc: Sy assteact 84 ob KERNS Mee heaps ERA 16,401 361,164 377,565 1.13% 10.31 
Finland ies siege ead eG heck wield RERA Scam dor ae) dese 2,369 138,698 141,067 42% 3.75 
France...... 1,399,869 — 1,399,869 4.17% 3.30 
Germany # 3,134,103 ieai 3,134,103 9.34% 4.69 
Great Britain and No. Ireland...................-5-. 2,366,311 — 2,366,311 7.06% 5.06 
Greece E A A T OEE EEE E E E op iavanal’s — 26,712 26,712 08% 0.40 
PLUM GARY ss act ecco sense ka Each cee YAA DAN store apne td Oe yaya 121,067 735 121,802 36% 1.37 
Trish Free Stater a aa onere NEEE E OENE AREKE YOTE 34,799 — 34,799 11% 1.16 
ELEA EE et ca sek eo tae Rh te sh A Sad he Os BER — 516,075 516,075 1.54% 1.19 
Jugo- Savasi epot oen beck tad enka O Fok SMA Date ninii 47,234 2,612 49,846 15% 0.34 
Tat vl te se reri a Sale AS EAS wad lavas dars A 65,345 — 65,345 -20% 3.35 
Netherlands. n Ate a EE a daa E A 352,741 — 352,741 1.05% 4.20 
NORWAY Eo ie eect shy MOE AL EER Oe UR heat 121,231 78,453 199,684 60% 6.96 
Pola esis crtad ote ie ik Geen A Ba rancher Redes aioe S ee 118,904 92,430 211,334 63% 0.63 
Portugal... . ae 10,833 38,633 49,466 15% 0.70 
Roumania bs — 56,797 56,797 17% 0.30 
RUSSIAN soome ainne Ea ten p E EGES oes EET 739,381 — 739,381 2.20% 0.43 
Saline a E E E T E seeks el onttnats 2 312,719 312,719 93% 1.28 
Sweden 615,554 1,393 616,947 1.84% 9.90 
Switzerland 383,289 =- 383,289 1.14% 9.25 
Other Places in Europe... 2.2.0.0... 00 cece ce ee ee eae 85,153 13,290 98,443 29% 1.29 
a AEE facade oe sin Wee Ab dana ace 10,367,646 1,661,112 12,028,758 35.86% 2.13 
ASIA: ~ 
British Tadiad once lees ek ogee ke care Shee ALAS 24,328 40,120 64,448 19% 0.02 
China pitt t eee 70,000 94,000 164,000 -49% 0.04 
Japan# : A 1,068,244 — 1,068,244 3.19% 1.56 
Other Places in Asia 141,106 66,593 207,699 62% 0.13 
1,303,678 200,713 1,504,391 4.49% 0.14 
AFRICA: 
Egypt........... Goin ee Aut ad ik Wek KE OSTAO Ne ea gees 49,765 — 49,765 15% 0.23 
Union of South Africa# aro aenea eee 140,349 — 140,349 42% 1.64 
Other Places in Afri¢a copes eaer Sets oad bic thoes Yanan 97,750 1,970 99,720 30% 0.09 
Motels) esis etda kaptin api i 287,864 1,970 289,834 87% 0.20 
OCEANIA: 
Australia*..... a A AET ETES 501,402 — 501,402 1.49% 751 
Dutch East Indie 37,407 3,641 41,048 12% 0.06 
Hawail.......... Sea — 23,857 23,857 07% 6.36 
New Zealand#...... 159,170 — 159,170 48% 10.20 
Philippine Islands x 6,000 20,358 26,358 08% 0.19 
Other Places in Oceania 3,700 278 3,978 01% 0.17 
Total 707,679 48,134 755,813 2.25% 0.83 
TOT ATS WORL Dewees aie eel Cees wetly ale dao ge oA Boy Je 12,914,691 20,625,199 33,539,890§ 100.00 % 1.58 


* June 30, 1934. ** February 28, 1935. # March 31, 1935, 
{ U.S.S.R., including Siberia and Associated Republics. 


§ Includes approximately 15,560,000 automatic or “Dial” telephones, of which about 45% are in the United States. 


100 


ELECTRICAL COMMUNICATION 101 


Telephone and Telegraph Wire of the World, by Countries 
~ January 1, 1935 


E MILES OF TELEPHONE WIRE MILES OF TELEGRAPH WIRE 
Service Per Cent Per Cent 
COUNTRIES boule rest Niimber of Total pE 100 Number ef Total Per 100 
ee Note o iles or! opulation of Mil i 
NORTH AMERICA: D es World Population 
United States... , uupuu rrr P. 86,800,000 55.88 68.73 2,270,000 32.40% 1.80 
Canada.. ... PE EE EES WHE He HEE eS P.G. 5,134,000 3.30% 47.32 367,000 5.24% 3.38 
Central America: ................00 P.G. 61,000 04% 0.89 20,000 -28% 0.29 
Mexico. E T ee T eee P: 557,000 36% 3.17 90,000 1.28% 0.51 
West Indies: 
Cubase vais ates ei PER Pees P. 275,000 -18% 6.62 14,000 -20% 0.34 
Puerto Rico... .... 0... cee ee eee P, ` 33,000 02% 1.98 2,000 03% 0.12 
Other W, I. Places siperi perias ta P.G. 105,000 07% 1.54 8,500 12% 0.12 
Other No. Am. Places............... P. 19,000 01% 5.18 11,000 . -16% 3.00 
Totali pecunia week teis 92,984,000 59.86% 53.26 2,782,500 39.71% 1.59 
SOUTH AMERICA: 
ArenA era ve oN a Sata holon Cees P 1,250,000 80% 10.42 200,000 2.85% 1.67 
BONVENA EET RERA P 5,500 004% 0.17 5,000 07% 0.16 
Brazile ei jeg Sec ee das beatae FG Lares P 683,000 44%, 1.46 110,000 1.57% 0.24 
ai EIEEE EEEE TPE EE E T EOT P 201,000 -13% 4.48 55,000 -719% 1.23 
Colombians 0 EEEREN vices eS ose P: 130,000 08% 1.36 20,000 29% 0.21 
Heuad Or en fale sig EEDI E econ P.G. 9,000 01% 0.36 4,000 06% 0.16 
Paraguay nie e045 Ai ea VE eae ed Soca P, 7,000 -005% 0.78 3,000 04% 0.33 
POPU aes ad 50 BE rk ate Aid lacie EE P 60,000 04% 0.92 12,000 17% 0.18 
UP gta ye sr oat dois eG AE AS PG: 105,000 07% 5.21 8,000 11% 0.40 
Venezuela... irei aa aani ary h P 78,000 05% 2.34 7,000 .10% 0.21 
Other So. Am. Places.........-...... G 6,000 004% 1.11 500 01% 0.09 
Totals soca ad sta eee sete 2,534,500 1.63% 2.76 424,500 6.06% 0.46 
EUROPE: : 
AUStila ceive Vare aa ea G. 670,000 43% 9.89 49,000 -70% 0.72 
Belgium** . G. 1,831,000 1.18% 22.12 35,000 50% 0.42 
Bulgaria... G. 67,000 04% 1.10 7,000 -10% 0.15 
Czechoslova. PETETA . PG 601,000 39% 3.95 82,000 1.17% 0.54 
Denmark# ......... 000. . cece eee P. 1,249,000 80% 34.10 13,000 19%, 0.35 
Finlandi rrsan ae cen e hetero oes P. 350,000 -22% 9.30 18,000 -26% 0.48 
POE ar ka UPES Ara NA EE OG G. 5,160,000 3.32% 12.16 521,000 7.44% 1.23 
Germany# .... 0.0.0... cee eee eee G. 15,850,000 10.20% 23.73 130,000 1.85% 0.20 
Great Britain and No. Ireland#...... G. 11,670,000 7.51% 24.98 252,000 3.60% 0.54 
Greece... .. eee IRAN OTTE P 76,000 05% 1.13 35,000 50% 0.52 
PAU t E a scsi Gaye A O E AA G. 400,000 26% 4.50 45,000 64% 0.51 
Trish Free State cossi onora OEN G. 125,000 08% AAT 22,000 31% 0.73 
Dt ASEE oct a ats pieces Peli ET OA P 1,600,000 1.03% 3.69 266,000 3.80% 0.61 
Jugo-Slavia. occ eee G. 145,000 09% 0.99 58,000 83 0.39 
Latvia d E E cu be bteaSee G. 276,000 18% 14.15 5,000 07% 0.26 
Netherlands...........0...0 00000008 G. 1,150,000 74% 13.70 16,000 23% 0.19 
NOWAY F air ok Spe abe tees eerie oie PE 602,000 39% 20.98 28,000 40% 0.98 
Polaridiscics 4 bitin bie boii eb tye Acer. P.G. 1,056,000 -68% 3.15 48,000 68% 0.14 
Portugal’: o eeii artea dent bee hea a P.G. 134,000 09% 1.89 18,000 26% 0.26 
ROBAMA: oo ek eka wees tae P; 213,000 14% 1.12 49,000 70% 0.26 
Russia Sse aren oben cea eter eco ds og G. 1,300,000 847 0.75 600,000 8.56% 0.35 
Spain PE O E E EEE E P. 1,220,000 79% 4.98 92,000 1.31% 0.38 
SWEMEH Gh kaka e egos Mines ee G. 2,275,000 1.46% 36.50 27,000 38% 0.43 
Switzerland... 0.0... 6. eee eee G. 1,362,000 88% 32.86 15,000 21% 0.36 
Other Places in Europe.............. P.G. 302,000 19% 3.96 23,000 33% 0.30 
Ota « sstca sees see oak 49,684,000 31.98% 8.81 2,454,000 35.02% 0.44 
ASIA: 
British Indiako sorea et nT pe redini P.G. 424,000 rA 0.12 427,000 6.09% 0.12 
China. OE A EE Meh eee outed P.G. 520,000 33% 0.04 130,000 1.86% 0.03 
JAPAN FH is lie owned toda Gece’ E G. 3,834,000 2.47% 5.58 233,000 3.33% 0.34 
Other Places in Asia.. a...an uaaa PG: 645,000 42% 0.40 188,000 2.68% 0.12 
5,423,000 3.49% 0.52 $78,000 13.96% 0.09 
G. 263,000 17% 1.23 35,000 50% 0.16 
G. 576,000 37% 6.73 31,000 44%, 0.36 
P.G. 287,000 19% 0.25 141,000 2.01% 0,12 
1,126,000 73% 0.78 207,000 2.95% 0.14 
OCEANIA: 
Australia®.i2.¢scncpc sa tied EAE aA G. 2,581,000 1.66% 38.66 98,000 1.40% 1.47 
Dutch, East Indies................5. G. 254,000 16% 0.38 22,000 31% 0.03 
AWA ld ics aig, tee ean ona aetna} Pee ae Rese P. 89,000 06% 23.73 0 -00% 0.00 
New Zealand# a a EErEE ARENI ENS G. 588,000 -38% 37.69 26,000 37% 1.67 
Philippine Islands ...............0., P.G. 66,000 04% 0.48 11,000 -16% 0.08 
Other Places in Oceania............. P.G. 8,000 01% 0.35 4,000 06% 0.17 
Total. s aane RGS 3,586,000 2.31% 3.94 161,000 2.30% 0.18 
TOTAL WORLD............-.5- 155,337,500 100.00% 7.33 7,007,000 100.00% 0.33 


Nore: Telegraph service is operated by Governments, except in the United States and Canada. In connection with telephone wire, P. indi- 
cates that the telephone service.is wholly or predominantly operated by private companies. G. wholly or predominantly by the Government, and 
P.G. by both private companies and the Government. See preceding table. 

* June 30, 1934. ** February 28, 1935. # March 31, 1935. 

q U.S.S.R. including Siberia and Associated Republics. 
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Telephone Development of Large and Small Communities—January 1, 1935 


NUMBER OF TELEPHONES TELEPHONES PER 100 POPULATION 
Service In Communities In Communities In Communities In Communities 
c Operated of 50,000 of less than of 50,000 of less than 
UNTER, By Population 50,000 Population 50,000 
(See Note) and Over Population and Over Population 

AMiStra lia icc... AEn a Ge Pe Soles Beaten G. 293,477 207,925 9.07 6.04 
Austria..... G. 197,134 61,614 8.97 1.35 
Belgium**, . net r G. 227,133 96,290 6.43 2.03 
Cañada vei ties aina G eRe PG 647,481 546,248 18.99 7.34 
Czechoslovakia. .........2 Era eee eee P.G. 87,092 84,553 5.06 0.63 
Denmark’. seoaren RAEV ta bee 8 P. 196,404 183,596 19.07 6.95 
Finlandi oeae paa oE ETET does F 54,141 86,926 11.00 2.66 
FBLanG@ PNE E N ETET G. 755,526 644,343 8.51 1.92 
Germany te 2 aaay carotene nee eee G. 1,897,458 1,056,156 7.12 2.69 
Great Britain and No. Ireland#........ G. 1,740,600 676,000 6.59 3.33 
G. 92,679 29,123 4.53 0.43 

G. 699,811 368,433 3.51 0.76 

G. 229,881 122,860 6.71 2.47 

G. 63,730 95,440 11.10 9.68 

P.G. 78,421 121,263 19.36 4.92 

P.G. 122,452 88,882 2.46 0.31 

P: 193,841 118,878 3.80 0.61 

G. 240,801 376,146 23.13 7.24 

G. 173,861 209,428 19.76 6.41 

Union of South Alaid seia Eri G. 82,487 57,852 7.25 0.78 
United States... l.s.. cee eee eee eee P. 9,608,965 7,259,990 18.91 9.62 


Note: P. indicates that the telephone service is wholly or predominantly operated by private companies, G. wholly or predominantly by the 
Government, and P.G. by both private companies and the Government. See first table. 
* June 30, 1934. + March 31, 1934. ** February 28, 1935. # March 31, 1935. 


Telephone Conversations and Telegrams—Year 1934 


PER CENT OF 


TOTAL WIRE WIRE COMMUNICATIONS 


PER CAPITA 


Number of Total Number COMMUNICATIONS 
COUNTRY Telephone Number of of Wire Telephone Telephone 
c onversetl ons Telegrams Communica- Conver- Telegrams Conver- Telegrams Total 
tions sations sations 

Australia: reen risa A aaRS 428,000,000 14,051,000 442,051,000 96.8 3.2 64.3 2.1 66.4 
Austriasse ete ata ar a PRENE 600,000,000 1,689,000 601,689,000 99.7 0.3 88.7 0.2 88.9 
Belgie. caine ar s eei A 245,424,000 5,312,000 250,736,000 97.9 2.1 29.7 0.7 30.4 
Canada: eoe terao aara ES 2,298,508,000 9,857,000 2,308,365,000 99.6 0.4 213.4 0.9 214.3 
Czechoslovakia............00-505 270,000,000 3,860,000 273,860,000 98.6 1.4 17.8 0.3 18.1 
Denmark irr ra a ER 61t,395,000 1,684,000 613,079,000 99.7 0.3 167.2 0.5 167.7 
Fidanta a 225,000,000 730,000 225,730,000 99.7 0.3 60.0 0.2 60.2 
Fone. a.i iae wae aa 888,065,000 27,943,000 916,008,000 96.9 3.1 21.0 0.7 21.7 
Germany oe nbs cee ee ba sees 2,288,596,000 17,233,000 2,305,829,000 99.3 0.7 34.3 0.3 34.6 
Great Britain and No. Ireland... 1,720,000,000 43,926,000 1,763,926,000 97.5 2.5 36.9 0.9 37.8 
Hungary......... ae a 146,000,000 1,873,000 147,873,000 98.7 1.3 16.5 0.2 16.7 
jJapan..... 4,05 1,000,000 54,571,000 4,105,571,000 98.7 1.3 59.4 0.8 60.2 
Netherlands. 407,000,000 3,126,000 410,126,000 99.2 0.8 48.8 0.4 49.2 
226,000,000 2,806,000 228,806,000 98.8 1.2 78.9 1.0 79.9 

526,000,000 3,164,000 529,164,000 99.4 0.6 15.8 0.1 15.9 

735,000,000 24,393,000 759,393,000 96.8 3.2 30.2 1.0 31.2 

900,000,000 3,592,000 903,592,000 99.6 0.4 144.6 0.6 145.2 

278,335,000 1,857,000 280,192,000 99.3 0.7 67.3 0.5 67.8 

Union of South Africa........... 247,000,000 5,529,000 252,529,000 97.8 2.2 29.0 0.7 29.7 
United States.............0005. 24,250,000,000 160,000,000 24,410,000,000 99.3 0.7 192.4 1.3 193.7 
Note: Telephone conversations represent completed local and toll or long distance messages. Telegrams include inland and outgoing international 


messages. 


TELEPHONES PER 100 POPULATION DISTRIBUTION OF THE WORLD'S TELEPHONES 
January 1,1935 January 1, 1935 


UNITED STATES 


Sea m oe ALL OTHER EUROPEAN FRANCE 
NEW ZEALAND ĵi i mamia COUNTRIES 

SWEDEN aasia ' si 

SWITZERLAND fann 


AUSTRALIA 
NORWAY 

GREAT BRITAIN it =: aac 

GERMANY . vcs sl 

NETHERLANDS ji ALE OTHER 
BELGIUM COUNTRIES 
AUSTRIA 
FINLAND 
FRANCE 


C RCENTINA: | MMEM CANADA lg 


POLAND 
«MEXICO 

RUSSIA 

BRAZIL 


[TOTAL WORLD, 
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Telephone Development of Large Cities 
January 1, 1935 


à Estimated i 
Country and City Population Numer Telephones Country and City En Number Telephones 
(or Exchange Area) (City or Ex- poy oh P Sri : (or Exchange Area) (City or Ex- of Per 100 
change Area) ‘Phones Popu ation change Area) Telephones Population 

ARGENTINA: ITALY: 

Buenos Aires............ 3,000,000 188,528 6.28 Milan... 2.0... cece 1,065,000 88,701 8.33 
: MADER e aora A santas 880,000 27,098 3.08 

AUSTRALIA: Rome senii ee sige ype 1,150,000 86,393 751 
Adelaide ant ead be sata’ aise 314,000 28,949 9.22 
Brisbane................ 305,000 26,707 8.76 JAPAN: # 

Melbourne.............. 1,000,000 103,137 10.31 Kobe sien seinen sg aah ses 854,000 34,700 4.06 
Sydney... iape rinier 1,249,000 117,759 9.43 Kyoto RE era Solus ar he EN 1,053,000 42,408 4.03 
ET aen i: PAE EEEE aes 1,018,000 34,846 3.42 

AUSTRIA: OET sn eee 2,723,000 124,883 4.59 
Grad ei tiie apes: 153,000 10,784 7.05 TOKIO AAs LAA matis 5,663,000 209,605 3.70 
Vienna MONERO E EPE 1,875,000 175,947 9.38 

LATVIA:# 

BELGIUM:** Rigar ireann oaa 385,000 24,437 6.35 
Antwerp 530,000 39,228 7.40 
Brussels $ 4 965,000 105,654 10.95 MEXICO: 

n REO AEE E E TEE 424,000 23,695 5.59 Mexico City............. 1,150,000 61,969 5.39 

BRAZIL: , NETHERLANDS: 

Rio de Janeiro........... 1,800,000 64,046 3.56 Amsterdam............. 782,000 56,468 1:22 
Haarlem................ 162,000 12,775 7.89 

CANADA: Rotterdam. . 616,000 38,808 6.30 
Montreal... aaae 1,016,700 164,594 16.19 The Hague.............. 518,000 48,939 9.45 
Ottawa... cee 188,000 35,441 18.85 
TOODE esenp ta tp 766,300 188,287 24.57 NEW ZEALAND:# 

Vancouver: eirese riia 187,500 52,549 28.03 Auckland............... 218,000 22,236 10.20 

CHINA: NORWAY :* 

Cantons sia ne ee de eee 1,060,000 8,056 0.76 OSlOn ascot a Sel FEA 250,000 52,198 20.88 
Hong Kong............+ 850,000 14,845 1.75 

Peiping.... 0.00.0... eae 1,540,000 12,948 0.84 PHILIPPINE ISLANDS: 

ShanghaitT............. 1,650,000 54,861 3.32 Manilay coed ois ee 394,000 17,328 4.40 

CUBA: POLAND: 

Havana tices cite hicare vse 700,000 25,899 3.70 VOdZ ME dir ed eee ose 900,000 14,356 1.60 
Warsaw oi. oaea sees 1,260,000 59,842 4.75 

CZECHOSLOVAKIA 
Prague’s oe sae ees wae 913,000 57,725 6.32 PORTUGAL: 

LASDOR swiss iets eg fae oS 651,000 28,470 4.37 

DANZIG: 

Free City of Danzig...... 265,000 17,964 6.78 ROUMANIA: 
Bucharest.............-- 640,000 24,718 3.86 

DENMARK: 

Copenhagen............- 820,000 173,372 21.14 RUSSIA: 
Leningrad 3,000,000 91,023 3.03 

FINLAND: Moscow... a aa r 00s 4,000,000 134,440 3.36 
Helsingfors............- 270,000 38,653 14.32 

SPAIN: 

FRANCE: Barcelona............-.- 1,080,000 51,014 4.72 
Bordeaux..........0.00- 268,000 20,348 7.59 Madrid i siren oes bao 5% 1,000,000 61,017 6.10 
Lilleiiemene Cade Mob Sores 202,000 17,346 8.59 
LYONS eniyi kimia Fai 670,000 35,317 5.27 SWEDEN: 

Marseilles............-- 930,000 34,165 3.67 Gothenburg............. 255,000 44,228 17.32 
PALS iii eink a4 in be eon eh 2,905,000 416,870 14.35 Mal aane es eee 139,000 21,591 15.56 
Stockholm. ............- 441,000 144,011 32.64 

GERMANY:# 

Betliths oc: bes see ses 4,250,000 488,244 11.49 SWITZERLAND: 

Breslau... . 0. cee eee 630,000 42,185 6.70 Basel. cose te RE 151,000 32,441 21.48 

Cologne... csaa raii on 765,000 64,935 8.49 Berne 332-5 ca sae centers: 114,000 24,992 21.92 

Dresden............0005 735,000 60,899 8.29 Geneva.............0055 147,000 27,235 18.53 

Dortmund............-. 585,000 23,958 4.10 FAD n e a ois tes cic g eve hea’ 268,000 57,330 21.39 

EESSEM REEE EEE A ECE 665,000 30,254 4.55 

Frankfort-on-Main....... 655,000 61,968 9.46 UNITED STATES: 

Hamburg-Altona......... 1,650,000 155,826 9.44 (See Note) 

Leipzig... cs cee EE 775,000 65,038 8.39 New York.............. 7,247,000 1,493,374 20.61 

Minich.). seiras eas 745,000 79,219 10.63 CRICAZO eins aaae a Os 3,270,000 824,293 25.24 
Los Angeles. 1,315,000 341,221 25.95 

GREAT BRITAIN AND NO. Pittsburgh...........008 1,015,900 183,761 18.09 
IRELAND:# Total 10 cities over 

Belfast.... 415,000 19,280 4.65 1,000,000 Population.. 21,777,600 4,437,758 20.38 

Birmingham.. 1,210,000 62,147 5.14 

Bristol.,........ ; 417,000 22,711 5.45 Milwaukee.............- 763,200 135,963 17.81 

Edinburghis sssi rincara 444,000 34,565 7.78 San Francisco........... 690,000 242,026 35.08 

Glasgow... 5.0... eee 1,195,000 61,747 5.17 Washington 528,000 189,017 35,80 

Deeds. ica. facets ates 514,000 25,922 5.04 Minneapolis i 505,000 121,123 23.98 

Liverpool..............- 1,200,000 60,131 5.01 Total 10 cities with 

London.... 0.60.02. eee 9,300,000 891,725 9.59 500,000 to 1,000,000 

Manchester. ..........-. 1,103,000 67,336 6.10 Population.......... 6,515,300 1,320,692 20.27 

Newcastle...........06.5 471,000 20,558 4.36 

Sheffield. .....0....0.-00- 520,000 21,202 4.08 Seattle. airean ai 417,200 105,087 25.19 
Denver... rii erar 300,000 87,155 29.25 

HAWAII: ‘ 238,600 61,186 25.64 
Honolulu... 2... eee eee 138,000 215,942 11.55 i oe h 237,300 53,224 22.43 

HUNGARY: *5360,000 to $00,000 
Budapest..........-0005 1,360,000 81,886 6.02 Population.......... 10,191,900 1,812,160 17.78 
Szeged... cece cere eee 138,000 2,100 1.52 Total 54 cities with 

3 more than 200,000 
aE STATE:# 129,000 19,920 4.64 Population.......... 38,484,800 7,570,610 19.67 


Note: There are shown, for purposes of comparison with cities in other countries, the total development of all cities in the United States in, 
certain population groups, and the development of certain representative cities within each of such groups. p i 
* June 30, 1934. ** February 28, 1935. # March 31, 1935. +t International Settlement and French Concession. 
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A Field Trial of 50 Cycle Signaling on Toll Lines 


By WILLIAM HATTON, 
Chief Engineer, Switching Systems, Bell Telephone Manufacturing Company, Antwerp, Belgium. 


General 


r ~ HE introduction of full automatic equip- 
ment for rural and suburban exchanges 
and the rapid progress of subscriber-to- 

subscriber dialing over toll lines during recent 
years has necessitated a departure from the 
familiar methods of direct current signaling in 
use on the shorter junctions between urban 
exchanges. 

Signaling with direct current can only be 
applied economically to lines not exceeding a 
certain resistance, the maximum value being 
determined by the operating current of the 
signaling relays. This maximum is generally 
about 1,400 ohms. Further, direct current 
methods of signaling are unsuitable for lines 
which are phantomed or equipped with repeaters. 

It is interesting to note in passing that direct 
current signaling circuits are usually simple, the 
current remaining connected to line as long as 
required to maintain a given signal. This is not 
possible with alternating currents of frequencies 
within audible range without interfering with 
conversation. The signals are therefore trans- 
mitted as short impulses and each impulse 
indicates a change of condition. Speech currents 
must not cause the operation of the signaling 
system. 

50 cycle alternating current has been in use 
for a number of years for signaling and dialing 
on toll lines, but the results obtained have not 
been entirely satisfactory and suffered from two 
major defects: firstly, the sending voltage re- 
quired was too high, thereby causing interference 
with neighbouring circuits; and, secondly, the 
impulses were distorted. 

A new type of 50 cycle signaling system has 
been developed by the Laboratories of the Bell 
Telephone Manufacturing Company, Antwerp. 
It operates with low sending voltage and current, 
thus preventing excessive distortion of the im- 


pulses while retaining a circuit of simple form 
and low transmission loss. 

Early this year, a complete demonstration of 
the rotary automatic toll system was made in 
Berne for the officials of the Swiss P. T. T. The 
demonstration equipment was later installed in 
the towns of Faido, Lugano, and Zurich in order 
to test the 50 cycle alternating current signaling 
under service conditions. The test was continued 
without interruption for two months. 

Thanks are due to the officials of the Swiss 
P. T. T. for making it possible to conduct this 
field trial and for their generous cooperation 
throughout. The new type 50 cycle signaling 
system, described in this article, has been ac- 
cepted as standard for Switzerland. 


The Field Trial 


An 800 km. two-wire cable circuit was estab- 
lished between Faido and Zurich, as shown" in 
Fig. 1. At Lugano and Zurich, equipment was 
installed to represent tandem toll switching 
points (see Tandem Units A and B—Fig. 1) 
with standard two-wire repeaters automatically 
connected and with regulation of the gain also 
automatic. Four additional repeaters were con- 
nected permanently in the line, thus making a 
total of six standard two-wire repeaters in circuit. 

In addition to successfully demonstrating the 
numerous important facilities of the Rotary 
Automatic Toll System described in Electrical 
Communication, January, 1934, the field trial 
under most stringent conditions showed the 
impressive regularity with which the new 50 cycle 
system operated. The trial was made by sending 
commercial calls from Faido to Zurich, the toll 
operator at Faido dialing over the 800 km. 
circuit into the Zurich city and rural networks. 

During the first ten days of the trial, 2,700 
commercial calls were made with a total of 
thirteen faults, representing 0.48%. This per- 
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centage of faults is not greater than that found 
in the average local network. The trial circuit 
included: 


(a) An outgoing toll exchange: Faido, 

(b) A tandem toll exchange: Lugano, 

(c) A second tandem toll exchange: Zurich, 
(d) A terminating toll exchange: Zurich, 

(e) A local automatic exchange, 

(f) Six standard two-wire repeaters. 


Fig. 2 shows one of the three demonstration 
units. 

The concluding paragraph of the Official Re- 
port of the Swiss Administration, dated May 11, 
1936, is of great interest and reads as follows: 

The field trial has demonstrated that it is possible to 
establish connections with the Canton of Tessin, employing 
tandem toll switching and standard two-wire repeaters 


adjusted to give an overall loss of 1 neper. From all points: 
of view, the trial represented an extreme case, the total 


LUGANO 


FAIDO 
UNIT FOR ORIGINATING EXCH. ; TANDEM UNIT’ | 


SUBSCRIBER AT FAIDO 


CONTROLLING | 
L| REGISTER 


SWITCHED | 
REPEATER ` 


length of the circuit being approximately 800 km., com- 
posed of physical and phantom sections. 

The transmission of impulses with the new receiving 
unit did not present the slightest difficulty. The correction 
of impulses (when necessary) could be made very easily 
and without the addition of numerous relays. 

The model demonstrated that the automatic introduc- 
tion of switched repeaters is possible, not only on paper but 
is practical, and that exploitation is possible without adding 
to the number of faults normally admitted for a telephone 
exchange. 


Three different applications of the signaling 
system were demonstrated, as follows: 


(1) To a toll line terminating in the Zurich net- 
work, 

(2) Toa toll line at a tandem point with switched 
repeater (Lugano and Zurich), 

(3) To a permanent repeater (loop circuits be- 
tween Zurich and Niederurnen and at 
Faido). 

The impulse receiving unit is the same in all 
three applications. 


eles NIEDERURNEN 
TANDEM UNITB 


14 ASIDE 


SWITCHED 
REPEATER 


TOTAL LENGTH OF CIRCUIT SET UP= 800 Km: 
CIRCUIT INCLUDES 6 REPEATERS 
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AT ZURICH 
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f 100m. SEC. -| 


14-4-36, > Soh 


Fig. 1—Trial Circuit Set Up in Switzerland. 
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Application to Terminating Line (See Fig. 3) 


(1) A transformer T shown connected to the toll 
line over the back contact of relay Er. 

(2) A condenser C1 connected in series with the 
primary winding of T. x 

(3) A rectifier Re connected to the secondary 
of T. 

(4) An impulse receiving relay Rr which is 
polarised, The left-hand winding of Rr is 
connected through test jack TJ to the 
rectifier Rc, and the right-hand winding 
at one end to battery in series with con- 
denser C2 and resistance R2. The other 
end of the winding is connected to the 
front contact of Rr. 

(5) An impulsing relay Mr, which really forms 
part of the local equipment. One end of 
the winding of Mr is connected to the 
front contact of Rr in parallel with re- 
sistance R3. 


When a 50 cycle current impulse is received, 
it passes over the back contacts of relay Sr, 
the condenser C1 and the primary winding of 
transformer T. A current is induced in the 
secondary of T which is rectified by Re and 
operates Rr over its left-hand winding. Rr by 
its front contact operates Mr which causes the 
local automatic equipment to respond to the 
received impulse. 


Elimination of Chattering and Distortion 


Formerly, one of the most pronounced objec- 
tions to the use of 50 cycle alternating current 
was the fact that the receiving relay had a 
tendency to follow the sinusoidal variations of 
the 50 cycle current, which caused chattering of 
the front contact and distortion of the impulse. 
This phenomenon was very marked in the early 
circuits employing alternating current relays and, 
moreover, since it occurred irregularly it was 
very difficult to correct by any form of impulse 
corrector. 

It must be kept in mind that even the rectified 
current which flows through the left-hand wind- 
ing of Rr has “upper” and “lower” peaks and, 
should the relay operate at an “upper” peak, 
there is a tendency to release again when the 
current drops to the “lower” peak. 

To prevent such chattering, the impulsing 
relay Rr has been provided with a second winding 


= gp E Jd 


Fig. 2—One of Three Demonsiration Models. 


connected in series with condenser C2 and re- 
sistance R2 to battery. When Rr makes its front 
contact for the first time, condenser C2 com- 
mences to charge and current flows through the 
second winding of the relay which helps the 
magnetic flux to develop and renders the front 
contact pressure less dependent on the variation 
of current in the left-hand winding. 

When Rr opens its front contact, C2 discharges 
and a reverse magnetic flux is built up, which 
assists the deenergisation. It is of interest to 
note here that in earlier circuits employing 
rectifiers and impulse relays with single wind- 
ings, special precautions were required to elimi- 
nate the shunt effect of the rectifier and the 
tendency of the relay to be slow releasing, a 
most undesirable condition for good impulsing. 

The discharge of C2 not only helps the de- 
energisation of Rr but, should the interval be- 
tween two successive impulses be very short, it 
delays the reoperation of Rr. In this manner, the 
impulses transmitted from the front contact of 
Rr to the local circuit relay Mr are corrected 


110 


ELECTRICAL COMMUNICATION 


50 ~ 


SENDING RELAY 


INCOMING 
TOLL LINE 


LINE 
REPEATING COIL 


SUPPLY TRANSFORMER, 
COMMON PER BAY OF CCTS 


FUSES 4A. 


SUPPLY TRANSFORMER, | 


PER OFFICE ia 


50 A.C. SUPPLY | 


LINE DISCHARGE 
ABSORBING RELAY 


ADJUSTABLE 
LOCAL 
RESISTANCES 26 
P ; 
JACK FOR È. IMPULSE RELAY 
IMPULSE MEASURING 


| s 


_ | TOLOCAL 
EXCHANGE 


TRANSFORMER 


RELAY 


RECTIFIER 


PATENTED. 


Fig. 3—Terminating Toll Line. 


and the successive openings and closures properly 
spaced. 

‘If it is found desirable to change the ratio of 
the impulse given by the front contact of Mr, 
it can be done by varying the shunt resistance 
R3. 

The combination of polarised relay with two 
windings, condenser C2 and resistance R2, is 
the most important contribution towards the 
elimination of irregularities so noticeable in other 
50 cycle circuits. Oscillograms show that Rr 
transmits a steady and uniform impulse. Fig. 4 
is taken from an oscillogram showing the front 
contact closure of Rr. 

The chief characteristics of this new receiving 
unit can be summarised as follows: 


(1) Elimination of chatter of front contact of 
impulsing relay due to the sinusoidal 


variation of the 50 cycle alternating 
current; 

(2) Elimination of “kick” or rebound of arma- 
ture of impulsing relay; 

(3) Correction of impulse for both closure and 
opening; 

(4) Means to vary impulse ratio to suit local 
conditions; 

(5) The use of a transformer permits the im- 
pedance of the receiving circuit to be as 
low as is necessary for good impulsing 
without increasing the transmission loss; 

(6) Robust and simple equipment, requiring 
little maintenance. 


Operating Requirements 


When connected, as shown in Fig. 3, the 
receiving unit will impulse correctly over a circuit 
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of 70 km. of 0.9 mm. (H-177) loaded cable with 
the voltage at the sending end adjusted to 32 
volts and a current of 0.017 ampere. Under these 
conditions, the voltage measured across the 
terminals of the primary of T is 11 volts and 
the current in the left-hand winding of Rr is 
0.014 ampere. 


Transmission Loss 


An important feature of the circuit is the fact 
that the receiving unit, although bridged across 
the line, causes practically no transmission less. 
The impedance presented to voice currents is of 
the order of 35,000 ohms. 

This is due to the fact that it is possible to 
tune the receiving unit to 50 cycle current by 
means of the condenser C1 and to the action of 
the rectifier Re. 

It is a well known characteristic of selenium 
rectifiers that the resistance is to a certain extent 
a function of the current. At speech currents of 
average level, the resistance of Rc is high and the 
secondary winding of the transformer T is 
practically open. 

The high impedance presented to voice cur- 
rents makes it unnecessary to modify the balanc- 
ing network of the line. This is important when 
the receiving unit is used at tandem points where 
it may be necessary to connect a repeater. 


Interference 


In practice it was found that, even with the 
low sending voltage of 32 volts, clicks were still 
audible on adjacent circuits. After a series of 
measurements in the field, the cause of this 
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interference was traced to longitudinal currents 
due to the unbalance in the leads supplying the 
50 cycle current. It was found that the clicks 
could.be practically eliminated by introducing 
an individual or semi-common transformer in 
the supply circuit. Using the individual trans- 
former, field tests showed that the interference 
measured on adjacent circuits was negligible. 


Damping of Cable Discharge 


The 50 cycle current is connected to line over 
the front contacts of relay Sr which, at the same 
time, disconnects the receiving unit. The voltage 
is adjusted to the correct value by means of the 
series resistances Rh1 and Rh2. When Sr de- 
energises, the capacity discharge of the line is 
prevented from reaching the receiving unit by 
means of relay Er. When Sr operates, it com- 
pletes a circuit for Er which disconnects the 
primary winding of transformer T from the line 
and connects in place a 600 ohm non-inductive 
resistance. Er is slow releasing and remains 
operated during the transmission of dial im- 
pulses, whereas Sr operates and releases once for 
each impulse. 

Each time Sr deenergises, the line discharges 
through the 600 ohm non-inductive resistance 
connected over the front contacts of Er. 


Application to a Tandem Toll Line (See 
Fig. 5) 

When connected across a toll line, arranged 
for tandem working, the receiving unit proper is 
exactly the same as that shown in Fig. 3. In 
this application the unit has a number of addi- 
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Fig. 4—Oscillogram of Front Contact of Relay Rr. 
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Fig. 5—Tandem Toll Line. 


tional functions, among which are the control 
of a local selection in order to choose the required 
direction, the disabling of a switched repeater 
during impulsing, and the repetition of the im- 
pulses to the following toll line. 

The circuit includes two additional relays, Ar 
and Br, which are operated from Rr and which 
carry the contacts necessary to perform the 
above-mentioned functions. These relays also 
help to maintain the impulse at a minimum 
length and prevent any distortion which may 
be present due to the influence of the additional 
relay Tær. 

The left-hand side of the diagram shows the 
incoming end of a toll line arranged for tandem 
working, and the right-hand side a regular out- 
going toll line. The lower portion of the diagram 
shows the elements of a standard two-wire 
repeater arranged for automatic switching and 
automatic gain control. 


When a 50 cycle impulse arrives at the in- 
coming line, relays Rr, Ar, and Br operate. Br 
completes a circuit for Sry which connects 50 
cycle current to the outgoing toll line. Twr 
operates in series with Sy and closes a circuit for- 
Lr in the switched repeater circuit, thereby 
disabling the repeater during the transmission of 
impulses. Twr also operates when an impulse 
is sent in the reverse direction, namely, from 
the outgoing line to the incoming line. In this 
case, Rr of the outgoing line operates Mr which, 
in turn, closes a circuit for Sr of the incoming 
line. 

The complete equipment of an incoming toll 
line arranged for tandem working and switched 
repeater is shown in Fig. 7. 


Application to a Line Repeater (See Fig. 6) 


Fig. 6 shows the elements of a standard two- 
wire repeater and, in the centre of the diagram, 
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two 50 cycle units, associated with the east and 
west sides of the repeater. 

In this application, the transformers 71 and 
T2 are connected across the centre points of the 
east and west. hybrid coils,. respectively. The 
rectifiers Rc1 and Re2, together with the polar- 
ised relays Rr1 and Rr2, are connected in exactly 
the same manner as described for the previous 
applications. The function of the 50 cycle units, 


in this case, is to relay the received impulse from 
one side of the repeater to the other; and it will 
be seen that Rri, associated with the west line, 
operates relay S72 which sends out 50 cycle 
alternating current to the east line. In the re- 
verse direction, Rr2 operates Sr1 which sends 
out 50 cycle to the west line. 

Tracing the circuit in detail, it will be seen 
that, when a 50 cycle current impulse arrives 
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RELAY UNITS 


from the west line, it passes over the back 
contacts of relay S71, the condenser C1 and the 
primary of transformer T1. A current is induced 
in the secondary of the transformer, which is 
rectified by Rc1 and passes through the left-hand 
winding of relay Rr1. From the front contact of 
Rri, a circuit is closed for Sr2 which operates 
and connects 50 cycle current to the east line. 

A second circuit in parallel with the primary 
winding of transformer T1 includes the two 
condensers C3 and C4 and the potentiometer of 
the repeater. The two condensers are chosen to 
render the impedance of this parallel circuit high 
to 50 cycle alternating current with the object 
of preventing the amplifying valve of the re- 
peater from being influenced by the signaling 
current. Should this occur, it might be possible 
for the repeater to transmit to the east line 50 
cycle current or harmonics which would not be 


“INDIVIDUAL 50m SUPPLY 
TRANSFORMER 


Fig. 7—Complete Equipment of Tandem Toll Line. 


0m SUPPLY FUSES (10V) 


~ POLARIZED 
RELAY Rr 


in phase with the current sent from the front 
contact of Sv2 and which would, therefore, 
adversely influence the receiving unit at the 
next point along the line. To definitely prevent 
such interference, the potentiometer is short- 
circuited by a front contact of Er2 which is 
operated from S72. Further, Er2 is slow releasing 
and has the function of connecting a resistance 
to absorb the line discharges which occur when 
S72 makes its back contact. 


When connected in this manner to a standard 
two-wire repeater, it will be seen that part of the’ 
received current is absorbed by the balancing 
network and, to compensate for this, the sending 
voltage at the distant end must be raised. 


When sending over 80 km. of 0.9 mm. (H-177) 
loaded cable, the sending voltage required is 
49 volts and the current is 0.017 ampere. 


Generalised Characteristics of Linear Networks 


By E. K. SANDEMAN 


INEAR electrical networks consisting of 
inductances, capacitances, and resist- 
ances are employed among other pur- 
poses to supply characteristics which vary with 
the frequency of the applied electrical oscillations. 
When the characteristics of interest are imped- 
ance, attenuation, and phase shift, it is evident 
that by changing the absolute values of the ele- 
ments of inductance, capacitance, and resistance, 
a given form of characteristic, expressed as a 
function of frequency, may be obtained within 
practical limits in any required range of absolute 
frequency. Further, a network designed, for in- 
stance, to afford a variation of attenuation with 
frequency, may be arranged to give the same 
attenuation curve as a function of frequency, 
when operating between any values of impedance 
lying within a practical range of impedances 
determined by the limitations of design of the 
component elements and of the associated cir- 
cuits. Evidently the performance of any specific 
embodiment of such a network is specifiable 
uniquely by a specific curve of attenuation 
against frequency, this curve being valid only 
for given absolute values of terminating imped- 
ance. An infinite number of infinite series of 
curves are therefore required to specify the per- 
formance of the whole group of embodiments of 
a single form of attenuating network. 

As will be seen by reference to any work on 
filter theory. it is well known that, when the 
relations between the elements are fixed by means 
of a simple process of disembodiment, the per- 
formance of the whole group of networks of a 
given form can be determined by a single curve 
for each characteristic required. 

Although the present purpose is mainly to 
present a series of such characteristics, the use 
of these characteristics will be made clearer by 
a preliminary discussion of their method of deri- 
vation for the benefit of those to whom the 
method is not familiar. 


Two-Terminal Networks 


Such networks are usually employed to afford 
an impedance in which the resistive and reactive 


components vary with frequency in some pre- 
scribed way. 

Fig. 1 shows six two-element networks for 
which generalised characteristics have been de- 
rived. Consider the network type 1 of Fig. 1: 

Its impedance at any angular frequency w is 
given by 

RLjw _RLjo(R— Ljw), 


á “R+Lijo RFL ' 
-y RL? . RLw 
=R A REF (1) 


Define fo as the frequency at which the reactance 
of Z in ohms equals the numerical value of R in 
ohms and make w= 2rfo; then 


Lwy=R and fae (2) 
wo 
Substituting (2) in (1), 
RR RR 
Z= aor as wo 
2 2 
21 RL. 24 RL 
Re. RIR 
a Q 
=R|—"—4j-". |, (3) 
w w 
1+8% 1+3 
wo? wo” 


“=R[Y+]X], say. 

Evidently the quantity within the brackets is 
characteristic of the impedance of all possible 
networks of this type. If the real and the imag- 
inary parts of the quantity inside the brackets 
are plotted as a function of w/w, the resultant 
curves afford a rapid means of determining the 
impedance characteristics of any specific embodi- 
ment of the network by assigning values to R 
and L and so to 

_R R 
SSE nL 


Fig. 2 shows a plot of the functions Y and X 
dependent on w/wo. 


and f= 


Ea ms 
2 
y=" and X= 2 
145 i 
Wor Wg 
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Fig. 1—Classification of Six Most Simple Networks Con- 
taining a Single Resistance. 


It will be noted that 


E ie 
WO Info fo: 
Example. 


Determine from Fig. 2 the impedance char- 
acteristic of a network of type 1 in which L 
=1 Henry and R= 1000 ohms. 


R 1000 
MaL m Y 
Hence, when f=159, la 2 =1; 
, nfo wo , 
f2 
when f= 318, p= oe =2; 
=79.5 -2 
wien = eg etc. 


The absolute frequency scale can therefore be 
determined by writing 159 against w/w.=1 on 
Fig. 2, 318 against w/w=2, 79.5 against w/w 
=0.5, etc. 

In practice, of course, this cumbersome method 
is never adopted. Plotting is carried out to a 
logarithmic frequency scale as in Fig. 2, so that 
it is only necessary to have a scale of absolute 
frequency plotted on the same kind of paper 
in a manner such that equal ratios on both scales 
(i.e., the scale of absolute frequency and the scale of 
w/wo in Fig. 2) are represented by equal intervals. 
In this case, by sliding the two scales so that 
the frequency 159 comes opposite w/w.=1, the 
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curves of Fig. 2 have direct application to the 
scale of absolute frequency. 

The values of resistance and reactance are 
then given by 1000 Y and 1000 X. The values of 
reactance and resistance are shown for three 
values of f in the table below. 


Network Network 
f Y Resistance X Reactance 
Ohms Ohms 
79.5] 0.2 200 0.4 400 
159 0.5 500 0.5 500 
318 0.8 800 0.4 400 


` In the case of networks containing more than 
two elements, it is necessary to introduce extra 
parameters determining the relations between 
the elements, the number of parameters being 
always one less than the number of elements in 
the network. 

Fig. 1, type 3 shows a very common form of 
three-element two-terminal network. 


Put 
Laza- (4) 
and z 
wo 
RO (5) 
em 1 RY Liew 
Cjo+ 1+ Cjo(R+ Ljw) 
REE 
R+Ljw _ (R+Ljo)(1—-LCw’—RCjw) 
-Te —LC2+RCjo (1— LC) HRC w? 
R 
A —L CaP + ROW? 


_Leo(1—LCw*) —R?Cw 


ITEC +R 


(6) 

The process of generalisation of this expression 
may be carried out in a number of ways by 
insertion of the parameters w and Q. It is evi- 
dently possible to eliminate any two of the 
element values, and to obtain resulting expres- 
sions which, when multiplied by the value of the 
remaining element, give the resultant resistance 
and reactance components of the impedance. 
Since, however, the purpose of a network of this 
kind is usually to obtain a high impedance at 
the resonant frequency, it is convenient to think 
of the condenser as a means of multiplying the 
reactance of the inductance by a calculable fac- 
tor. For this reason the impedance is determined 
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Fig. 3—Generalised Resistance Curve for Network Shown with O=10. 
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=10. 


Fig. 4—Generalised Reactance Curve for Network Shown with Q 


Fig. 5—Generalised Resistance and Reactance Curves for Network Shown. 
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Fig, 6—Generalised Resistance and Reactance Curves for Network Shown. 
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Fig. 7—Generalised Resistance and Reaciance Curves for Network Shown. 
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as a function of Lœ» the reactance of L at 
resonance. 
From (4) and (5) therefore are obtained 


di FS. (7) 
and 
Lo 
R= ro (8) 


Loy @ a x) 
ck L pe 
Z= Q Long ( o @ 
gi wN 2 1 wets f w? \2 1 o 
1-—) +3-5 1—-—~) +5 
( “) po ( 5) Cant 
i 
=L me 1 oe 
(1-35) te 
e( 1 A 
pe R 2 
+poh 2 tl.) 
{a pa 
( =) OP? wo? 


It may be noted in passing that when w/wo~ 1, 
the real part of the impedance = QLws and the 
imaginary part = —Lwo. 

Evidently equation (9) represents a family of 
curves, the particular curve chosen being deter- 
mined by the value of Q. Fig. 3 shows the curve 
for the resistance term inside the bracket and 
Fig. 4 the curve for the reactance term when 
Q=10. 

To determine the absolute resistance and re- 
actance curves, it is only necessary to fix L and 
C and so determine wo, or to fix L and w and 
so determine C. 

Fig. 5 shows generalised curves for a type 3 
network derived in terms of R instead of Leo for 
the case where Q=1, i.e., Lag=1/Cuo=R. 

Fig. 6 shows curves for a type 4 network (which 
is similar to type 3 with the resistance trans- 
ferred from the inductance arm to the capaci- 
tance arm) for the case where Loy=1/Coo=R. 

Comparing Figs. 5 and 6, it will be seen that 
one can be converted into the other by inverting 
one set of curves about the point w/w»=1. This 
is equivalent to substituting wo/w for w/w» on the 
frequency ratio scale. It should be noted that in 
Fig. 5 the reactance is always negative, and in 
Fig. 6 the reactance is always positive. 


The generalised characteristics of networks (5) 
and (6) are shown respectively in Figs. 7 and 8 
and, as might be expected, are mutual inverts 
about the point w/w)=1. 

There exists still another useful method of 
approach to the type 3 network, and that is when 
the capacitance represents an unwanted shunt 
capacitance, such as the grid cathode capacitance 
of a valve. The resistance is an existing circuit 
element in parallel with this capacitance, such 
as the anode resistance of the previous valve, 
and the inductance is added to effect partial 
neutralisation of the capacitance. The net effect 
of adding the inductance is to increase the im- 
pedance effective across the condenser terminals 
over a limited range of frequency. 

Assume a value of neutralising inductance L 
is chosen such that R=nLoo=n/Cwo where wo 
=1/VLC: 

From equation (6) the reactive component of 
the resulting impedance 


Lw(1 — LCa?) — R?Cw 


X= ALCA RC 


A R n 
Inserting D ior and C= Ro’ 
ee RAE) Ree 
ee N Wo n R wo" R w 
wN? „n, 
(1-5) +R Pog” 
wof 1 lw 
wn ”) nex 
= 2 a ; (10) 


: : . 1 : ; 
Evidently, if the quantity PA finite, the re- 


actance assumes finite positive values at low 
frequencies. For certain purposes this may be 
regarded as undesirable and it is customary to 
make n=1, in which case 


2 
X=R— (11) 
w We 
ota 
and 
L=*=RVEC=RC. (12) 
0 


The resistance and reactance characteristics of 
the resultant network are then given by Fig. 5. 
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Fig. 9—Generalised Resistance and Reactance Curves for Network Shown. 
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Fig. 10. 


Fig. 9 shows the resistance and reactance 
characteristics of a type 2 network, representing 
the condition before the addition of the neutralis- 
ing inductance. Some idea of the improvement 
realised by the addition of the neutralising in- 
ductance can be obtained by comparison of Figs. 
5 and 9. For the purpose of comparison, these 
figures can be directly superposed with the 
w/w=1 points and the zeros of the X and Y 
scale coinciding. It will then be seen that the 
value of Y+jX is appreciably larger over an 
interval of nearly two octaves when the induc- 
tance is added; the fall in impedance is delayed 
` to a much higher frequency. 
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Four-Terminal Networks 


The characteristics here considered are the 
usual transmission characteristics which deter- 
mine the effect of the network in modifying 
electrical oscillations traversing it. Three char- 


- acteristics will be defined. 


(1) The insertion loss proper determines the 
change in the received energy and voltage conse- 
quent on the insertion of the network between 
two pieces of apparatus, a generator of alternat- 
ing electromotive forces in a given range of 
frequency and a receiver. The generator and the 
receiver each have a definite impedance which, 
for many purposes, can be usefully considered to 
be a pure resistance, and often the impedances of 
generator and receiver are equal. When the gen- 
erator is connected directly to the receiver, it 
delivers to the receiver energy and voltage of 
determined magnitude and phase. When the 
network is inserted, the received energy and 
voltage are changed in magnitude and phase. 
The amount of this change determines the inser- 
tion loss proper. 

Evidently the insertion loss proper has two 
characteristics—a power ratio and a phase angle 
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11—High Frequency Insertion Loss and Phase Shift of Audio Frequency Transformers. 
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Fig. 12. 


at each frequency. For simplicity, the term in- 
sertion loss will be used to refer to the power ratio 
and the term insertion phase shift, or simply 
phase shift, to refer to the angle. 

The power ratio obviously may be expressed 
as the numerical ratio of Pi, the received power 
when the network is out of circuit, and Pz, the 
received power when the network is in circuit. 
More usually it is expressed in decibels or nepers. 
In the present case, decibels are used and the 
insertion loss is given by 


L=10 logio Pi decibels. 
Po 


_ of the network, defined by 


If the generator impedance = the receiver im- 
pedance = a pure resistance, and if Vı and V; 
are the received voltages corresponding respec- 
tively to P, and Ps, then 


L= 20 logis Yi decibels. 
Vo 
The vertical bars each side of the fraction u 
2 


indicate that the magnitude of the voltage vec- 
tors is to be taken. 

(2) The voltage transfer constant is the vector 
ratio between the vectors, respectively, describ- 
ing the input voltage applied to the network and 
the voltage observed across the output terminal 
output voltage It is 
input voltage 
most conveniently determined by two curves 
plotted against frequency, one of the magnitude 
of the voltage transfer constant, and the other 
of the angle of the voltage transfer constant. 

(3) The voltage transfer loss is probably a new 
term and is expressed as the number of decibels 
which correspond to 4, the magnitude of the 
voltage transfer constant. 
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Fig. 13—High Frequency Response and Phase Shift for Audio Frequency Transformers Working 
into Open Circuit. 
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Fig. 14—Transfer Loss and Phase Shift for Network Shown. 
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The voltage transfer loss 
Lr = 20 logo A. 


The use of this term appears to be logical and 
is justified by its convenience. In this case the 
phase shift may be defined as the transfer phase 
shift, but no ambiguity results if the term phase 
shift is used alone. 

It is difficult to lay down rigid. rules which 
determine when each type of characteristic 
should be used to describe the performance of a 
network. When the network operates between 
finite impedances there is no choice: the insertion 
loss proper must be used, described by the inser- 
tion loss and the insertion phase shift as defined 
above. When the network can be regarded as 
operating between a generator of zero impedance 
and open circuit (infinite receiving impedance) 
the convention adopted is largely a matter of 
personal preference. Since the received power is 
zero, it is rather difficult to modify suitably the 
definition of the insertion loss to describe the 


network characteristics under this condition, 
and the use of the voltage transfer constant or 
the voltage transfer loss is preferable. The voltage 
transfer constant is evidently used if voltage 
ratios are easier to handle; and the voltage 
transfer loss, if losses in decibels are required. 
This case arises in considering coupling circuits 
between valves when the anode impedance of the 
first valve and the grid-filament capacity of the 
second valve are treated as part of the network 
and the grid-filament conductance of the second 
valve is low enough to be considered zero. 


Example of Network Treated by Use of Insertion 
Loss 

Fig. 10 shows the equivalent circuit for the 

high frequency resonance of a communication 

transformer working between image impedances. 

The method of deriving this circuit has been 

described in Electrical Communication.1 The 


1“ Transformers as Band Pass Filters,” by E. K. Sande- 
man, Electrical Communication, April, 1929. 
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voltage 


R 
1+jeCR 
R+ijeL Bie ME 

1+jwCR 


e 


A Q —etCL)t+(wCR+5%') 


V= 


_, oCR?+oLl 
/ Tan ‘PRLC—2R V9 
2 woCR V2R_ 
Put wo TČ and n n; 
then 
ny2 _ Rv2 
=k and L= me (14) 
Substituting (14) in (13), 
V 1 
2 
i AS) +043) 
Cez 
N Tan“ 21-2) 3 (15) 


AG 


The negative value of the angle makes the sense 
indeterminate from the analysis, but it is evident 
that the angle always represents a lag. 

Since, in the absence of the network, V=#e, 
the insertion loss proper is expressed by the ratio 
2A\@ and the insertion loss is expressed in 
decibels by 


L = 20 logio 2A. 


The insertion loss and the insertion phase shift 
of the network of Fig. 10 are shown in Fig. 11 
for n=0.5, 1.0, and 2. It is evident that an ideal 
design of transformer results if n is made equal 
to unity. 


Example of Network Treated by Use of a Voltage 
Transfer Loss 


Fig. 12 shows the equivalent circuit for the 
high frequency resonance of a communication 
transformer working into open circuit. The 


method of deriving this circuit will be clear by 
reference to the above mentioned article. 


The voltage transfer constant 


V 1 ne 
e W t 3 0 
2 nE Le Tan —— 
Vito DT nt \ mE 
\ wo” 
= A\¢, 
where 
n=RCoay= ’ 
0 
rm at d ait 
EAEC oR oO neo. 


The voltage transfer loss is given by Lr 


= 20 logio u = 20 logo A. 


The voltage transfer loss and the phase shift 
of the network of Fig. 12 are shown in Fig. 13 


1 S 
—, 1, V2, and 2. 
v2 


Figs. 14-18 show the characteristics of five 
other networks, in forms appropriate to the 
work to which they were originally applicable. 
They also show the method of deriving the 
parameters and the generalised formulae for 
the insertion loss, voltage transfer constant, 
voltage transfer loss, whichever is relevant, and 
for the phase shift. For purposes of practical 
application each figure is complete in itself, con- 
taining all the necessary data to enable the ab- 
solute frequency scale for any particular embodi- 
ment to be aligned with the generalised scale of 


2a. There are, however, a few points which 
wo fo 
appear worthy of comment. 

An important point to notice is the principle 
of inversion by which the characteristics of one 


network can be derived from another by in- 


for values of n= 


version about the axis “=1. The formula for 
wo 

the second network is derived by substituting 

2 for A in the formula for the first network, and 

[6] 


by changing the sign of the reactance or phase 
shift. 

The necessary and sufficient conditions which 
make such an inversion possible are: firstly, that 
the second network is derived from the first by 
changing every inductance into a capacity and 
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Fig. 15—Transfer Loss and Phase Shift for Network Shown. 
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Fig. 16-~Transfer Loss and Phase Shift for Network Shown. 
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Fig, 18—High Frequency Insertion Loss and Phase Shift for Audio Frequency Transformers. 
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vice versa; secondly, that the controlling param- 
eters relating wo and the various elements of 
the network shall be the same. If, for instance, 
a controlling parameter in the first network is 
given by Lw=aR, the corresponding parameter 


y sah 1 
in the second network is given bya, =a'R, where 
0 


C replaces L, and a’ must equal a for the condi- 
tion of inversion to hold. As the labour of deriving 
the formulae and evaluating them is very con- 
siderable in the more complicated cases, the 
value of this principle will be easily appreciated. 
Examples of such inversion are: Figs. 5 and 6; 
Figs. 2 and 9; Figs. 13 and 14; and Figs. 15 
and 16. In each instance calculation was made 
for one case only and the formula and charac- 
teristics for the inverted network. derived by 
applying the principle of inversion. Care must 
be observed in applying this principle to see 
that appropriate changes are made in the signs 
of the reactance and phase shifts. 

It will be noted that in certain cases, in order 
to save space, positive and negative reactances 
have been plotted in the same direction and 
distinguished by + and — signs. For the same 
reason, in Fig. 17, the part of the response curve 


representing a gain has been inverted about the 
axis of zero loss. 

In certain cases, for instance, where valves 
can be used as separating elements, it is possible 
to combine the curves of several networks by 
adding or subtracting ordinates directly. Thus, 
the preliminary investigation can be made 
entirely in terms of the generalised curves, 
sliding them over one another until a composite 
curve of the required form is obtained. The 
values of the circuit elements of the component 
networks follow as soon as the position of the 
composite curve (and therefore of the component 
curves) in the frequency gamut is fixed. It is 
found in practice that the possession of a series of 
generalised curves such as the above enables 
studies, which would otherwise be quite im- 
practicable, to be made comparatively without 
effort. 

The collection of curves given is necessarily 
limited since the time involved in constructing 
them is appreciable. The author hopes to publish 
a more extensive list at some future date and 
would be grateful to hear from colleges or private 
individuals who would be interested in col- 
laborating. 


The Community Aerial System of Broadcast Distribution 


By C. W. EARP AND §. MILL 
Kolster-Brandes, Limited, Sidcup, England 


The Problem 


ADIO reception in a modern flat-colony 
presents two special problems: (1) pro- 
viding the users with efficient non-inter- 

fering aerials which must, of course, not be un- 
sightly; and (2) reducing the static interference 
which is always considerable because of the many 
electrical services provided. 

The solution of these problems demands a co- 
operative effort which the tenants naturally tend 
to relegate to the proprietors of their establish- 
ment. For this reason, radio is coming to be 
regarded as a fundamental service, which a ten- 
ant expects along with water, electricity, or the 
telephone, and there is a rising demand among 
builders and architects for a complete system 
whereby a flexible, noise-free radio service may 
be “laid on” to each apartment. The Community 
Aerial System was developed for such a service. 

In studying the community aerial system, we 
may conveniently divide it into two parts: the 
provision of an efficient aerial system, generally 
on the roof of the building, with a radio fre- 
quency transmission line to bring signals to the 
main distributing point; and a system of aperi- 
odic amplification and distribution to convey the 
signals to the consumer. 

The division is historically convenient since 
the first part of the problem was solved first by 
means of the “‘Rejectostat System,” while the 
second part is a more modern development. Inas- 
much as the rejectostat system is already widely 
known, the main purpose of this article is to 
expound the second part of the problem. 


The Rejectostat System 


In this system, which has application to indi- 
vidual as well as to community installations, an 

` aerial is erected outside the noise cloud, which is 
generally associated with the building itself— 
partly because the interfering sources are usually 
indoors, and partly because house wiring radiates 
a disturbing field. A low impedance shielded 
transmission line with suitable impedance chang- 
ing transformers at each end, carries the signals 


to the receiver which is, itself, preferably shielded 
with special care. Such installations have been 
highly successful in reducing local-noise and have 
certain obvious auxiliary advantages; for ex- 
ample, since the aerial may be remote, it can 
generally be made better than one whose position 
is fixed near to a particular set, and the resulting 
improvement usually more than compensates for 
transmission losses. Better protection against 
lightning discharges can also be achieved and the 
choice of location of the receiver is wider. 


The Amplifier 


One good aerial, well removed from the local 
noise cloud, can nearly always be erected on the 
roof of a block of flats, and collects enough 
energy to supply several radio receivers. To sup- 
ply energy to all the residents, however, it is 
necessary to amplify the signal currents from the 
aerial aperiodically, and deliver them to a low 
impedance line. 

Figs. 1-A and 1-8 show a ten-valve amplifier 
manufactured by Kolster-Brandes, Ltd., suitable 
for supplying about one hundred receivers. The 
schematic is shown in Fig. 2. There are two 
Brimar R.3 rectifiers (two are provided for greater 
reliability) and ten Brimar 9D2 pentodes forming 
a single stage. A filter is included to suppress 
audio frequencies and very long wave telegraph 
signals which, because of the impracticability 
of maintaining the sheath at earth potential 
throughout its length, are often picked up on the 
aerial transmission line and may modulate the 
wanted signals at telegraph frequencies. Wave 
traps are also sometimes included to reduce the 
signals from powerful local stations. 


Principle of Operation 


The chief technical problem of securing effi- 
cient vacuum tube amplification of a wide band 
of frequencies from a low impedance source is the 
design of a good step-up transformer from the 
line to the high grid impedance of the valves, 
and a similar step-down transformer from anode 
to line impedance. 
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The high input step-up is necessary not only 
for efficiency but also to minimise the effect of 
valve anode noise. It is shown in the Appendix 
that valves of normal design must work from 
impedances of not less than 100,000 ohms. It was 
found impracticable to design sufficiently good 
transformers to cover the whole range, and the 
arrangement of Fig. 3 was accordingly adopted. 
As the technique of transformer design is im- 
proving, it is possible that other methods of 
amplification will become practicable, and are 
indeed now being explored. However, it will be 
seen that the method here described has several 
special advantages for community aerial work. 

The line impedance of 100 ohms is matched at 
frequencies fi, fo, f3, etc., by series tuned circuits 
of 100 ohms impedance composed of LCi, LeCo, 
LCs, respectively. Frequencies fi, fo-+-fn are 
chosen at regular intervals, which are just small 
enough to ensure good absorption of energy from 
the line at all frequencies within the band it is 
desired to pass. It will be seen that the circuit 
LC, will absorb practically no energy from the 
line except at the desired frequency, for its im- 
pedance rises rapidly on either side of resonance. 

The various outputs OP;, OP», etc., now have 
very high impedances at resonance, of the order 
of 500,000 ohms, being closed by a parallel tuned 
circuit LCi, LC, etc. 

Instead of the orthodox transformer, we have 
therefore a single low-impedance input on one 
side, and.a number of pairs of output terminals. 
Signal energy entering at the “primary” termi- 
nals is selected in a number of frequency bands 
and stepped up in voltage and impedance to 
various output terminals. These outputs OP); 
OP», etc., are ideally suitable for the connection 
of valve grids. 

A similar device is used for the transformation 
of signal energy from numerous high-impedance 
sources (the anodes of the amplifiers) to a 100 
ohm output line. In this case, of course, the valve 
anode impedances are strapped across the various 
circuits, and modified circuit constants are nec- 
essary for exact matching. 

In practice it is found desirable to “stagger” 
grid and plate resonances so that variation of 
gain over the band may be minimised. The 
resultant characteristic is shown in Fig. 4. 


Fig. 1-A—10 Valve Kolster-Brandes Amplifier Chassis. 


Fig. 1-B—10 Valve Kolster-Brandes Amplifier. 


Design for Frequency Coverage Using the 
Minimum Number of Valves 


If a signal V, is applied to the grid of a valve 
ee 
z 
tuned circuit of three parallel elements, L, C, R 
be inserted in its anode circuit, the frequency 
band width for which the output voltage falls by 
a factor p is easily shown to be 


(R+Z) Vp —1 
2nRCZy 


of mutual conductance g mA /volt, and if a 


fA=h= 


and the stage gain is similarly written 


wR 
R+Z, 


The product of band width and stage gain then 


reduces to 
evel. 
20007C 
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Here C must include the inherent valve capacity 
Cy and cannot fall below this value. The expres- 


sion may be defined as the amplifier per- 


eae 
20007C 
formance factor. It depends only on the excellence 
of the valve used and the capacity in the tuned 
circuit, reaching a maximum of 


WT when C=C}. 

This analysis suggests that the best perform- 
ance would be secured by making each coil reso- 
nate with the valve capacity. For convenience of 
adjustment, trimmers are provided, but they are 
made as small as possible. The formulae further 
indicate that the best possible ‘‘amplification cov- 
erage” for a single-stage amplifier is approached. 

The single-stage amplifier is particularly de- 
sirable in this case, since each valve is able to 
supply useful output power to the line, and no 
single valve must handle a large peak voltage. 

It is interesting to note incidentally that, since 
the development of this amplifier, the technique 
of transformer design has advanced considerably 
and, also, the principle of “negative feedback” 
has been used extensively to improve the power- 
handling capabilities of a single valve without 
distortion. It is probable that, by eliminating 


overload problems, a more efficient amplifier will 
be obtained by using fewer valves in cascade 
formation. 


Advantages of the Amplifier Described 


The following advantages may be briefly enu- 
merated: 

(1) Amplification Coverage. The performance 
factor of each valve is very near its theoretical 
maximum, and good coverage is therefore ob- 
tained with valves operated in parallel formation. 

(2) Efficiency. Every valve is used to deliver 
power to the line, and each valve may be fully 
loaded. The output is correctly matched to the 
line at all frequencies. 

(3) Reliability. The failure of any one valve 
does not put the whole system out of action, but 
only causes a reduction in output over a small 
frequency band. 

(4) Cross Modulation. Cross modulation is no 
more evident than in an ordinary commercial 
receiver. If noticeable, it may usually be re- 
moved by means of the wave traps provided, or | 
by ensuring that the offending local lies in the 
trough between two peaks. 

(5) Absence of Phantom Signals. Such signals, 
due to difference and summation frequencies, are 
not produced. 


MAINS SUPPLY 


OUTPUT 


NEON 
INDICATOR 


Fig. 2—Circwit Schematic of 10 Valve Kolster-Brandes Amplifier. 
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Fig. 3—Schematic Showing the Principle of the Rejectostat Amplifier. 


(6) Overloading. Slight overloading of the 
valves is not troublesome since the tuned circuits 
in the anodes filter away distortion products. 

(7) Absence of Circuit Noise. The efficient sig- 
nal step-up from line to grids ensures a good 
signal/noise ratio. As the signal step-up from 
aerial to grid is considerably better than in the 
average commercial broadcast receiver, a better 
performance, in general, can be expected. 

(8) Absence of Amplifier Schrott Noise. The use 
of H.F. pentodes of high slope and low anode 
current reduces Schrott noise to a minimum. The 
high grid impedances ensure that anode noise of 
the valve is small compared with circuit noise. 

(9) Flexibility. Since the whole spectrum is 
naturally divided into frequency bands (one for 
each grid circuit and one for each anode circuit), 
adjustments can readily be made to improve any 
individual band, which may be found too weak, 
at the expense of other bands which may be too 
strong, 

(10) Negligible Phase Distortion. Phase distor- 
tion can be made negligible over the whole fre- 


quency range. It is interesting to note that the 


human ear functions on the same principle of 
contiguous resonance bands. 

(11) Additional Grid Bias. If necessary, a diode 
detector could be associated with each anode 
circuit and arranged to give an additional bias 
to the grid circuits whenever a signal exceeded 
a predetermined level. This elaboration has not 
yet been applied in practice. 

(12) Low Cost. As the apparatus is made en- 
tirely of standard broadcast receiver components, 
it can be manufactured economically. Standard 
valves are also used, so that no special stock of 
spares need be kept. 

(13) Simplicity and Ease of Maintenance. The 
amplifier contains no delicately balanced circuits 
and requires no accurate adjustments needing 


skilled attention. Given a stable trimmer design, 
there is nothing to get out of adjustment after 
installation. The amplifier may be left operating 
continuously, with a time switch to prevent ten- 
ants using the system at inconvenient times, i.e., 
in the middle of the night. Since the anode volt- 
ages used are those of an ordinary receiver, no 
special protection devices are needed. A monthly 
inspection is all the attention the amplifier 
requires. 

(14) Use as R.F. Repeater. In some cases, an 
unusually long transmission line is necessary. For 
example, one radio rediffusion company proposes 
to erect a good aerial system several miles re- 
moved from a rediffusion centre. It is probable 
that repeater stations would be necessary on such 
a line. 

“Rejectostat” amplifiers can be arranged in 
series to give any desired overall frequency-gain 
characteristic, inasmuch as frequency character- 
istics can be adjusted according to line loss. 

Amplifiers provided with selective automatic 
gain control, as described in (11) above, would 
automatically adjust the signal levels at all points 
on the line. 

(15) Adaptation to Short Waves. The amplifier 
may quickly be modified for the reception of 
short wave signals. This type of amplifier would 
be particularly adaptable since the various small 
frequency bands used for short wave broadcast 
transmission could be dealt with by a single 
valve. 

(16) Television Amplifier. It has been shown 
earlier that the maximum amplifying capabilities 
of one particular valve are definitely limited by 
electrode capacity, at whatever frequency it may 
operate. The construction of wide-band television 
amplifiers has given considerable difficulty due 
to this fact. This type of amplifier, however, can 
be designed to cover any band without reducing 
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valve stage-gain to a point where Schrott noise 
becomes limiting. 


The Problem of Distribution 


The transmission of signals from the amplifier 
to the consumer may be studied by means of the 
classical telephone equation which, in its differ- 
ential form, may be written 


o 
dx 


dI_ 


-ZI; g=- YV; 


or, in its integrated form, 
V= Vo cosh P— IZ sinh P, 
` I=L cosh p—Ys sinh P. 
Zk 


The only difference between radio frequency 
and telephone frequency transmission, lies in the 
different relative importance of the numerical 
factors. Practical cables may have constants of 
the following order at 1,000 kc: 


R=400 ohms/mile, 
Lw= 6000 ohms/mile, 
G=0.04 mhos/mile, 
Cw=0.6 mhos/mile, 
Zp= 100 ohms. 
Velocity of propagation 100,000 miles/sec. 
Attenuation 35 db/mile. 


In these circumstances, i.e., when the power 
factors are low, the attenuation is governed 
mainly by the resistance and leakance, R and G, 
while L and C mainly determine the character- 
istic impedance Zz. 

The input impedance of a short feeder branched 
from the main transmission line is capacitative. 
When, therefore, receivers are connected across 
the line, two loading effects are introduced, viz., 
(a) a capacitative loading due to the feeder, and 
(b) a resistive loading due to the pads which 
must be inserted before each receiver to prevent 
accidental line shorts, and reduce inter-receiver 
reaction. If these loads are not sufficient to affect 
the above conditions of low power factor, they 
may be treated separately, the capacities affect- 
ing the line impedances, and the resistances the 
attenuation. The resistive loads are most simply 
treated as if the spacing were infinite, this as- 
sumption being included in the statement that 
they do not greatly affect the characteristic im- 
pedance. If there be n such loads, each of leak- 
ance g mhos across a 100 ohm line, the bridging 
loss is 20 n logio (1+50g) db. 

The capacity loads are rather more difficult to 
treat. The simplest method is to split the line 
into a series of equivalent r pads whose shunt 
elements are each Z; coth a and whose series 
elements are Z, sinh Px, where x is the average 
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Fig. 4—Amplifier Characteristics. 
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length between loading points. When the attenu- 
ation is small, the approximate forms —jZ; cot 8 
and jZ; sin 29 may be used, where 9 is the length 
x expressed as a fraction of the wavelength along 
the cable. Since the velocity of propagation is of 
the order of one-half the velocity of light, the 
wavelength along the cable is one-half the free- 
space wavelength. To each of the shunt elements 
of the equivalent pads so calculated, may be 
added the appropriate capacity loading, and the 
new a pads so formed may be treated as recurrent 
structures using the theory developed for wave- 
filters. Thus if Z, and Zz be the total series and 
shunt impedance per full section, the iterative 
impedance, which is also the new characteristic 
line impedance, becomes 


The treatment is limited to small loads, but 
it is essential for correct operation that the loads 
be kept small, or serious standing waves will 
occur. In practice, therefore, no taps are per- 
mitted longer than one-sixteenth of a wave- 
length, and the characteristic impedance must 
not be changed more than 25% by feeder lines. 
It is therefore usually desirable to avoid taps by 
looping in each receiver. 

Receiver pads usually consist of two resist- 
ances (one in each leg) built out between the line 
and the receiver. The minimum value of these 
resistances has been found in practice to be 500 
ohms and is generally rather higher. 

There are usually four sources of loss in the 
transmission system: 

(a) The transformer loss. If more than one line 
be fed from one amplifier, or if the characteristic 
impedance is much below 100 ohms, a step-down 
transformer must be included between the am- 
plifier and the lines. The voltage loss of this 
transformer is immediately calculable from its 
step-down ratio. 

(b) The pad loss. By inserting various resist- 
ances between a 100 ohm source and the re- 
ceiver, curves of pad loss may be prepared for 
various types of receiver. 

(c) Line loss. The shielded, single core, rubber 
covered cable usually used has a loss varying 
from 7 db per mile at 150 kc to 40 db per mile 


at 1,500 kc. The characteristic impedance is 
roughly 100 ohms over this range. The increasing 
loss with increasing frequency makes it desirable 
so to tune the amplifier that it has a rising fre- 
quency characteristic. 

(d) Bridging loss. This has already been con- 
sidered. It is occasionally. worth while to taper 
this loss so as to increase the signal at the end 
receivers at the expense of those near the begin- 
ning. Generally, however, it is preferable to 
divide the line into two sections fed from the 
same or separate amplifiers. 

In designing a distribution scheme, the losses 
detailed above must be calculated for various 
possible dispositions of cables and amplifiers, and 
the most economical scheme selected. No univer- 
sal rule can be laid down, and the designer has 
to be guided by past experience of other installa- 
tions. Two amplifiers are at present available, 
viz., an eight valve and a ten valve amplifier. 
In an average installation, the eight valve ampli- 
fier will operate 50 and the ten valve amplifier 
100 receivers. If necessary, two amplifiers may 
be connected in cascade, provided precautions 
are taken against overloading the second one, or 
the transmission line may be split into several 
short lengths, each connected to a different 
amplifier. 

In designing the distribution system, it is nec- 
essary to assume an average receiver. Where a 
tenant possesses a receiver of unsuitable imped- 
ance, a matching transformer may have to be 
inserted before allowing him to connect. the set 
to the line. Similar transformers are often neces- 
sary to maintain a balance to ground, which is 
essential in very noisy locations to minimize 
noise. 


APPENDIX 


Valve Noise and Circuit Noise Considera- 
tions 


V,=‘‘Schrott”’ noise, or anode noise developed 
across the anode load impedance 


V;=“Johnson”’ or circuit noise developed in the 
grid circuit 
I= Anode current 
e= Charge on an electron 


“u=amplification factor of the valve 
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R= Impedance of load in anode circuit 
p=Internal impedance of valve 

df= Element of frequency band 

Ri=Grid circuit impedance 
T = Absolute temperature of grid circuit 
k=Boltzman’s constant 

Vjp= Noise voltage in the anode circuit, due to 

“Johnson” noise on the grid 


Assuming the two following formulae :* 


(oR)? 


(Vs)? = 2 Lae T FR, TER) 
and 
(V =4RkTdf, 
we have 
(uR)? 
(Vip) =ARkT if E R 
(Vip)? 2kT Riu? 
M lep 


* “The Spontaneous Background Noise in Amplifiers due 
to Thermal Agitation and Schrott Effects,” by E. B. 
Moullin, M.A., and H. D. M. Ellis, B.A., Z. E. E. Proceed- 
ings, April, 1934, 
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If k=1.37 X107 joule per degree centigrade 
(Boltzman’s constant), 
. T=290° abs., 
e=1.5X10 coulomb (charge on an elec- 
tron), 
(Vip)? Ri we 
=0.053- st 
(V3)? Ts 
Suppose that anode noise and grid noise are 
equally important; then 


lp 
R= 350.053" 
For a broadcast H.F. pentode, 
p= 2000, p=1,000,000, 
Ig=10 mA 


and R; is approximately 50,000 ohms. If grid 
impedances smaller than 50,000 ohms are used, 
the anode noise will predominate. 

A quiet amplifier using broadcast type of 
valves must have grid impedances substantially 
greater than 50,000 ohms, let us say, at least 
100,000 ohms. 


Automatic Method of Factory Testing of Circuit Units 


By E. P. G. WRIGHT 
Standard Telephones and Cables, Lid., London, England 


SUMMARY: This article describes the automatic testing of so-called plug or jack-in 
circuits. In place of following the usual practice of describing new testing methods 
in connection with a particular communication system, consideration is given to a 
generalized testing scheme which is readily applicable to many different types of 


circuits. 


N an art changing as rapidly as communi- 
cations, the manufacturer not only finds it 
necessary continuously to adapt his testing 

procedure to new developments, but also to older 
types of equipment required for extensions or 
other purposcs. 

In the past, the possibility of being called on 


to test a wide range of equipment necessitated 
maintaining various ranges of test boxes and 
valuable testing gear which was utilized only at 
infrequent intervals. Furthermore, in order to 
keep pace with inspection requirements, testing 
paraphernalia required overhauling and modifica- 
tion in advance of the production of a particular 


Group Selector Test Rack; 
Final Selector Test Rack; 


Fig. 1—General View of Automatic Testing Equipment. The Bays reading Right to Left are: 
Inspeciion Rack for Final and Group Selectors with Bayonet Type Mounting; 


Access and Cross Connecting Frame; 

Final and Group Selector Inspection Rack with Channel Type Mounting; 
Line Finder and Code Selector Test Rack; 

Line Finder and Code Selector Inspection Rack; 

Access and Cross Connecting Rack. 
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ACCESS 
SWITCH 


TEST BANKS 


INSPECTION RACK 


2-0" 


Fig. 2—Typical Automatic Test Rack Wiring showing Jumper Arrangements. 


type of equipment. This ordered procedure could 
be followed in some cases; but, more often, the 
tailing out of previous designs held the test sets 
in use up to, or even beyond, the period when 
inspection of the new equipment was required. 
To handle this situation, it was therefore neces- 
sary to provide a large number of test sets which, 
in turn, involved additional planning work in 
maintaining up-to-date records and the danger 
of keeping on hand an unnecessary number of 
test sets in readiness for possible future demand. 

To overcome these objections and to provide a 
generalized solution, an automatic testing equip- 
ment, shown in Fig. 1, has been devised. It 
includes a number of inspection positions which 
may be utilized for many different circuit condi- 
tions by changing cross connections on a perma- 
nent frame. The testing portion proper contains 
the testing elements necessary for handling all 
circuits of similar type, and jumpers are con- 
nected to access switches in such a way that only 
the appropriate tests are applied. 

It will be evident that such an arrangement 
provides facilities for thoroughly and speedily 


testing any obsolete circuit, merely by running 
the necessary jumpers. This operation can be 
controlled by the Inspection Department when 
the load appears. . 

Fig. 2 shows the general layout of a typical 
testing suite of bays. The method of cross con- 
necting will be readily appreciated. 

The four fundamental considerations involved 
in the planning of this equipment were the 
following: 

(1) Sufficient speed of functioning of the com- 
mon testing circuits to handle the peak load 
output. This requirement necessitated complete 
automatic testing without manual assistance. 

With the automatic testing equipment it is 
only necessary, after fitting the panel to be 
tested in the inspection rack, to operate the 
start test key and a second key which is indi- 
vidual to the inspection position. If the common 
test portion is already functioning, then only the 
second key is operated. A lamp is provided with 
each position in order that an indication may 
be given when the panel is tested correctly. The 
association between the common testing portion 
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and the circuit to be tested is automatic, as is 
also the control of the correct tests to be applied. 
With certain fault conditions, it may be neces- 
sary to dial into the circuit repeatedly; therefore, 
to avoid interference with the common testing 
portion, certain outlets are wired only for manual 
testing. 

(2) Provision of facilities for changing an in- 
spection position for use with a new circuit. 
Such facilities must be isolated to avoid inter- 
ference or changes in conditions on other test 
positions. In addition, the possibility of the whole 
or part of the common testing circuits being 
accidently rendered faulty must be eliminated. 


(3) Facilities for adding further test positions 
for new circuits without disturbing the existing 
positions. In the equipment constructed, the 
wiring to the test relays was therefore not formed 
up but was run loose through jumper rings. 

(4) Ready access to the front and rear of the 
panels under test for rapid checking of suspected 
causes of trouble. The design of the shelf is such 
as to provide maximum access to the wiring side. 

Fig. 3 illustrates a schedule of tests carried out 
with the final selector test equipment. It should 
be understood that more than one position on the 
inspection rack may be allocated to any one 
circuit. Although columns 6 and 8 appear iden- 


FINAL SELECTOR TESTING SCHEDULE 


TYPE OF CIRCUIT 


Test Lines: 200 200 200 200 200 100 100 100 100 200 200 200 
No. Test TrunkGrp: 2/10 2/10 over 20 Regular Regular 2/10 2/10 2/10 Regular 11/20 over 20 11/20 
Metering: Booster 4thWire 4th Wire 4th Wire Booster 4th Wire None 4th Wire None 4th vire Booster Booster 
1 "P" Lead Clear Z / $ / / / / / / / / / 
2 Seize / / / / / / / / / / / / 
3 "A" Relay Balance / / / / / / f / / / / / 
5 Sending 10's Digit 9 / / Digit o / Vi / / / / / Digito / 
6 Sending Pause / f Spare / / / / / / / Spare / 
7 Sending Units Digit 9 / / / / / / / / / 7 / 
9 Ringing Non Trip / / / / / / i: / / / / / 
12 Ringing Trip / / / / / / / / / / / / 
13 Wiper Test vA / / / / / / / / / / 
14 Booster Metering / Spare Spare Spare / Spare Spare Spare Spare Spare / / 
15 Supy. "D" Release / / / / / i / / / / / 
16 Last Party Release Spare Spare Spare Spare Spare Spare / Spare / Spare Spare Spare 
17 Release Z f / / / / / / / / VA / 
18 - 4s for Tests 1,2, 5, 6,7 / if / / / / / / / / / 
23 Subd Busy Spare Spare Overflow  ------------ 9 -Sparesq-n nnn nnn nee nnn eee a Overflow Busy--- 
24 Busy Flash / J / / / / Tone / Tone / / 
26 Busy Hola / ri / Z / vA Hold / Hold / / 
28 Release / / / vA / / / / / / 
29 Batt:C/o Seize (Even 10's) / / / / / Oad 100's Odd 100's Odd 100's 4100's / / / 
30 "P" Lead Clear / / / / / / / / / / / 
31 Seize (Even 100's) / 7 / / / 04d 10's Odd 100's Oddl00's Oddl0O's / / / 
32 Digit Discrimination ---Spares--- Digit 5  -~------------~--~-----: Spare s--- nn nn nnn +n enn Digit 5 Spare 
33- As for Tests 5-7 / / / / / / / / / / 
37 P.B.X.lst Line Free / / / --Line Free-- f. / / linee / / / 
40 Ringing Trip 7 / / / / / / FA / / / i 
41 Wiper Test f / / / / f / / / / / / 
42 HBOp:Cut throt Even 100 ---Spares--- f ʻ5----4---4---mm- PAPE S- mannan nnn nnn nen / i / 
ia eee ts 30, 31, 33-85 4 ; / i ; ; f A A , i ; 
-às for Tests 30, 31, 
49 P.B.X.1st Line Busy i l 4 4 / i f 
2nd " - Free / / / ---Spares--- / / Spare 
52 Release ar aa E, a ee gee aa 
53 -ås for Tests 44-48 / / f / f / / / / / / / 
58 P.B.X. Night Line Busy / / -Spēres----- f. Tone / Spare / Spere / 
59 Busy Flash & Hold f / --------Spares----- / Hold / " / n / 
60 Release / / / 7. / / / / / / / 
61-As for Tests 53-57 rd / / / / / / / / / / FA 
66 P.5.X. Last Line Free / 1-2-2- Spares----- / / i Spare Z Spare / 
so Release / fo =- Spares---~-~ / / / ” / " / 
73 As for Tests 61-65 f =---=---Spares--~-- " x 
76 P.B.X.Busy. Busy Flash / J ------~-Spares----< f T y a" f izi f 
7? Busy Hold / po Ra Spares----- / Hold / " / " Z 
79 Release / Jo =-7---- -Spares----- / / / " / ij / 
80 "B" Reley Timing 467 / / / / / / / / / / / / 
61 Pause A / / vA Aad / / / / Z / / 
82 Batty: Change over to 54% / / / / / / / / / / / / 
83 "BY Reley Timing 54¥ / / / / Z / / / / / / / 
84 Pause / / / fi / / / / / / / / 
85 Finish End of Tests / / / 7 / / / / / / / / 


Fig. 3—Schedule of Tests. 
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tical, the circuits must be placed only in their 
correct positions on account of differences in jack 
wiring and jack mounting. 

Fig. 4 shows the arrangements for cancelling 
tests which need not be applied. The distributor 
switch is positioned from the access switch which 
determines the type of circuit to be tested. The 
wipers of the distributor switch connect a poten- 
tial to positions of the test switches which ad- 
vance through such cancelled positions in the 
same way as if the test had been correctly carried 
out. The sixth wiper to cancel a test causes relay 
operations resulting in advancing the distribution 
one step. In consequence, a particular setting of 
the access switch may be represented by several 
positions on the distributor switch. On the other 
hand, several positions on the access switch may 
be tied together if the same tests are to be 
cancelled. 

For various reasons the product of the factory 
is improved by automatic testing. The automatic 
test is fundamentally more thorough. Wherever a 
fault is encountered and corrected, the whole 


cycle of tests must be rerun. Owing to the fact 
that common apparatus is employed, greater 
precision can be used in applying limiting condi- 
tions for impulsing and similar critical conditions. 
Voltage variations are introduced during the 
testing cycle so that timing tests for release lags 
and stepping speed may be carried out on ex- 
treme limits. Actually the tests applied are 
slightly more stringent than those used for 
functionally testing on site before acceptance. 

Fig. 5 shows a typical weekly output chart 
from which it can be secn that an average of 
seven attempts are made on each circuit before 
acceptance. Approximately 20% are passed at 
the first attempt, so that the number of attempts 
on those found faulty is in the neighborhood 
of ten. 

In Fig. 6 is given the approximate floor space 
requirements of the automatic testing equipment. 

The advantages of this method of automatic 
testing may be summarized as follows: 


(1) More rigorous testing under full automatic 
control, including among others: 
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Fig. 5—Typical Weekly Output Chart. 


(a) Precision impulsing over limiting con- 
ditions. 

(b) Timing tests of relays to meet accept- 
ance tests under practical condi- 
tions over the voltage range. 

(c) Hunting speed of group selectors. 

(d) Testing of selectors over voltage range 
of 46 to 54 volts with automatic 
voltage changeover. 

(2) Rapidity. 

For group selectors, it is estimated that 
the average testing time is 114 to 2 
minutes. 

For final selectors, the average time is 214 
to 3 minutes. 

For finders, the average time is 114 to 2 
minutes. 


GROUP & FINAL 
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(3) Lamp display indicating fault on selector 
or panel. 

(4) Automatic discrimination of tests to be ap- 
plied to each type of selector via the 
access switches. 

(5) Switch banks fixed to racks necessitating no 
adjustment of banks to selectors. 

(6) Each jack position adapted to testing vari- 
ous types of selector by changing jumpers ` 
of the cross connecting frame. 

(7) Automatic selection of next selector to be 
tested when one has been tested, a lamp 
display indicating selectors which have 
been passed. 

(8) Ease of testing new selectors by the addition 
of test elements to the test circuit without 
interfering with testing which may be in 
progress. 

(9) Manual operation cut down to a minimum, 
the only operation necessary being the 
adjustment of wipers to the banks. 

(10) Provision for a check test before the selector 
is automatically tested. This may be de- 
sirable for checking such items as wiring 
to the selector test jacks, etc., or for clear- 
ing faults while the test circuit is in 
operation. 

(11) Ready access to the selector wiring at the 
rear without jacking out the selector. 

(12) An overall saving in: 

(a) Testing staff. 
(b) Floor space devoted to testing. 
(c) Cost per circuit tested. 
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Fig. 6—Typical Layout of Automatic Testing Equipment. 


Hot Cathode Mercury Vapour High Tension Supply 
Equipment for Broadcasting Stations 


By G. RABUTEAU 


Les Laboratoires, Le Matériel Téléphonique, Paris, France 


SUMMARY: The respective characteristics and performances of the various types of high 
voltage d-c. supplies for high power radio transmitters are briefly reviewed and com- 
pared with those of the hot cathode mercury vapour rectifiers. 

Characteristics of a series of hot cathode mercury vapour valves designed by the 
L.M.T. Laboratories are given. The influence of the characteristics of the rectifier 
circuit on the valve performances is also considered. 

Grid controlled hot cathode mercury vapour rectifiers are also reviewed and a descrip- 
tion is given of a simple system for firing the valves. 


Introduction 


technique of broadcasting has been very 

rapid and probably reflects a more intensive 
progress than any other section of electrical 
engineering. In the early days of broadcasting, 
the general level of power in the antenna of the 
more important stations was of the order of 500 
watts, whereas to-day, stations of 100 kW. and 
above, are in operation; an advance in power of 
more than 200 times. 

This advance, while rapid, has not been forced 
in any way, the various problems involved having 
been solved in the natural course of development. 
Perhaps the problem causing most delay in 
progress has been that of the thermionic valve, 
the ever increasing demand for higher antenna 
power always leading the already intensive 
development of higher power tubes. 

The technique of high frequency amplification 
in broadcasting requires that the thermionic 
valves of the amplifier should have a power 
handling capacity of about four times the power 
supplied to the associated output circuit, in order 
to handle the peaks of modulation. When it is 
considered that for the largest stations a high 
tension supply is required of some hundreds of 
kilowatts the question of annual power cost 
becomes important and the problem of improving 
the efficiency of the power equipment requires 
greater attention. 

It is interesting to recall that in the early types 
of broadcasters, which used thermionic valves of 
low anode voltage, it was possible to employ d-c. 


IÈ the decade just past, the advance in the 


generators for the supply to the anodes, and 
naturally this practice tended to continue with 
the increase in anode voltage required by the 
progress of tube design. It became evident, how- 
ever, that increased voltage introduced difficul- 
ties of insulation and commutation. Moreover, 
the high value of short circuit current brought in 
the added complication of special protection 
against short circuits. It has been said that the 
development and design of thermionic valves for 
high power lagged and, in order to increase power 
in the antenna, it became the practice to add 
more tubes in parallel, which was responsible for 
emphasising a phenomenon now generally known 
as “Rocky Point Effect.” These effects were 
evidenced by a transient discharge, the intensity, 
other factors being equal, depending on the power 
capacity of the anode supply. With a d-c. gener- 
ator, the short circuit current is limited only by 
armature reaction and the losses in the circuit, so 
that a Rocky Point Effect might easily have far 
reaching effects on the components associated 
with the tube, as well as on the tube itself, due to 
the excessive plate current. For these reasons, 
the d-c. generator without a limiting device was 
considered far from ideal. A temporary solution 
of the problem was found in the valve rectifier, 
which gives an inherent limitation of output due 
to saturation of the filament emission. The ex- 
treme reliability of the valve rectifier was such 
that it became extensively and almost universally, 
used in broadcasting equipments. While the 
degree of reliability was high, it must be admitted 
that the efficiency was low, being of the order of 
70% to 80% depending on the output and the 
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circuit employed. This was not of great impor- 
tance when considering transmitters of medium 
power, but with the demand for high power an 
increase of efficiency became imperative. The 
reason for the inherent low efficiency of the 
thermionic valve rectifier lies in the high voltage 
drop in the tube and, to a lesser degree, the 
filament power. These losses are dissipated in the 
form of heat which is carried away either by cool- 
ing water or by radiation, depending on the type 
of rectifier valve. The mercury vapour rectifier, 
which had been extensively employed for low 
tension services, was known to have a low voltage 
drop, and the problem arose as to the possibility 
of adapting that type of rectifier to high tension 
service with the object of increasing the efficiency 
of the high tension supply. 

The earliest type of mercury rectifier to be 
adapted to radio transmitters consisted of an 
evacuated glass vessel at the bottom of which 
was a pool of mercury forming the cathode, the 
anodes being arranged in the glass walls of the 
tube. The rectifying action was caused by a dis- 
continuous discharge between anodes and cath- 
ode, the anodes being at a high alternative 
potential. Auxiliary means were provided for 
starting the discharge or arc. When functioning 
correctly, the valve is filled with a blue glow, this 
being a typical characteristic of mercury vapour 
rectifiers. 

The “Standard” 120 kW. equipment at Praha 
is equipped with a 500 kW. arc pool rectifier 
designed for 20,000 volts d-c. This particular 
rectifier employed eight valves in series, each 
valve having three anodes. The eight valves were 
enclosed in four oil-filled tanks and facilities were 
available for changing a tank in which a valve 
had failed. The remainder of the equipment con- 
sisted of high tension transformers and an auto- 
transformer with an electrically-operated tapping 
switch by means of which the voltage could be 
varied on or off load. The rectifier was later fitted 
with arc pool valves having a grid electrode, 
the object being to reduce arc-backs, or reversed 
arc, and hence to improve the life of the valves. 
The addition of the grid electrode did, in fact, 
effect a great improvement and the rectifier is 
now giving satisfactory service with reasonable 
long valve life. In considering the advantages and 
disadvantages of the arc pool rectifier, it may be 


Fig. 1—Cross Section of Two Typical Hot Cathode Mercury 
Vapour Tubes. The Tube on the Left-Side is Directly Heated; 
the Other is Arranged for Indirect Heating. 


said that from the point of view of efficiency, 
simplicity, and reliability, it is good. The dis- 
advantages are that the floor space required per 
kilowatt is large, and that the breakdown of a 
valve interrupts the service. The auxiliary gear 
required by the rectifier is relatively little and is 
not likely to cause breakdown of the main plant. 

The loss of 5 minutes service time consequent 
upon valve failure—a period which is quite 
average—must be regarded as a serious dis- 
advantage and can only be avoided by the use of 
a complete spare or, alternatively, a spare half- 
rectifier, in which case the capital cost of the 
installation becomes impressive. 

Another type of rectifier extensively used in 
low tension commercial undertakings is the 
mercury arc type in which the electrodes are con- 
tained in a metal tank which is kept continu- 
ously evacuated by means of associated pumping 
equipment. 

This type of rectifier has now been developed 
for service working pressures up to 20,000 volts 
d-c. and a power of about 500 kW. The ‘‘Stand- 
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ard” equipment of the 120 kW. station at Buda- 
pest utilises a rectifier of this type and, as spare 
equipment, a “Standard” hot cathode rectifier is 
installed. In comparing the metal tank type of 
rectifier with other types, the economic factor 
becomes of extreme importance, since its capital 
cost is considerably greater than that of the 
renewable valve type as exemplified by the arc 
pool and hot cathode rectifiers. The capital cost 
is so high that in most cases a duplicate rectifier 
installation is prohibitive and recourse is neces- 
sary to a cheaper form of spare rectifier. One of 
the disadvantages of the tank type of rectifier, 
apart from the high initial cost, is that the auxili- 
ary equipment for control purposes is complicated 
and a fault is likely to cause a lengthy interrup- 
tion of service. This interruption is apt to be 
aggravated by the fact that the complexity of the 
circuit makes it difficult for ordinary station 
operators easily to diagnose a fault and to 
remedy it. The main body of the rectifier is not 
likely to give trouble, as the vacuum seals are 
soundly designed. The electrodes themselves are 
very durable but require renewal at intervals of 
about a year or more depending on the service 
conditions, an operation which would probably 
require a considerable time for completion and 
remaking of the vacuum. A factor which cannot 
be neglected, in view of the varying standards of 
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Fig. 2—Variation of the Heating Power Required to Bring a 
Cathode to Operating Temperature as a Function of the 
Height of the Screens. 


competence in the maintenance personnel of 
radio stations, is that the rectifier is equipped 
with pumps and gauges, and although such gear 
is robust it is nevertheless intricate and of high 
precision. 

A later development in rectifier design is the 
use of hot cathode mercury vapour valves. A 
series of such valves will be described, together 
with rectifier equipments using them, in the 
following pages. 


Description of a Series of Hot Cathode 
Mercury Vapour Rectifiers and of Their 
Operating Characteristics 


A hot cathode mercury vapour valve consists 
essentially of an anode and a cathode sealed into 
a glass bulb from which the air has been evacu- 
ated and into which a certain amount of mercury 
is introduced to neutralise the space charge 
between the cathode and the anode. 

The cathode is generally composed of a nickel 
ribbon in valves having direct heating, and of 
nickel cylinders in valves having indirect heating. 
Special nickel alloys containing Cobalt, Titane 
or Aluminium have been employed as cathode 
material. So-called pertruded ‘‘nickel ribbon” and 
meshes of nickel wire also are used instead of 
plain nickel ribbon, to increase the adherence of 
the coating material which consists of a mixture 
of special alkaline earth oxides, this coating being 
obtained by dipping or spraying on the cathode a 
suspension of alkaline earth carbonates in an 
appropriate varnish. The emission current of such 
cathodes after they have been activated during 
the pumping procedure varies from 100 milli- 
amperes to several amperes per watt of heating 
power, depending on the size of the cathode and 
the disposition of the screens provided around the 
cathode structure. 

Fig. 1 represents conventionally a cross section 
of two typical hot cathode mercury vapour 
rectifier valves, one of the indirectly heated type 
and the other with a directly heated cathode. In 
both types the active part of the cathode is almost 
completely surrounded by screens, except to- 
wards the anode. 

In large cathodes with proper screening, prac- 
tically all the heat dissipated is radiated through 
the top aperture of the screens. The heating 
power required to bring the cathode to its operat- 
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ing temperature between 800° C. and 900° C. is 
approximately 20 watts per square centimetre of 
the screen opening for small types, and decreases 
to 5 watts per square centimetre for large types, 
nearly equal to the radiated power, which may be 
calculated, assuming that the top of the active 
part of the cathode radiates as a black body 
following the Lambert cosine radiation law. 

The curve of Fig. 2 gives approximately the 
theoretical gain which may be obtained by de- 
creasing the solid angle through which the active 
part of the cathode radiates, this being achieved 
by decreasing the distance between the top 
aperture of the screens and the active part of the 
cathode for a given diameter of this top aperture 
of the screens. 

The anode is generally made of graphite to 
decrease its emissivity and is sealed into the glass 
bulb at the end opposite to the cathode. 


In nearly all modern valves the anode encloses 
completely the top part of the cathode screens, 
such shape giving many advantages, one of which 
is that it prevents the formation on the inner 
walls of the bulb of a black deposit, which gener- 
ally sets up arc-backs after a certain time of 
operation. This shape also localises the mercury 
glow inside the anode and cathode screens and 
decreases the space occupied in the valve by the 
ionised mercury vapour—an important point 
which largely affects the maximum rating at 
which the valve can safely be operated. 

The dimensions of the glass bulb, anode, 
cathode, and those of adequate heat reflecting 
screens placed on the cathode support make the 
bulb temperature higher at the anode end of the 
glass vessel than at the cathode end. This causes 
the mercury in the tube to condense at the colder 
end near the cathode cap. 


Fig. 3—A Series of Hot Cathode Mercury Vapour Rectifier Valves. 
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Fig. 4—Variation of the Voli Drop in a Hot Cathode Mercury 
Vapour Valve Versus the Load Current for Different Mercury 
Temperatures. 


Fig. 3 shows a series of hot cathode mercury 
vapour rectifier valves having the features 
briefly discussed in the preceding paragraphs. 
The characteristics of these valves are given in 
the table below: 


Type Type Type Type 

L.8160 L.8161 L.8162 L.8165 
Filament voltage.......... 5 volts | 5 volts 5 volts 5 volts 
Filament current, about. . ..| 10 amps. | 20 amps. | 40 amps. | 100 amps. 
Peak anode current........ 2amps.| 5amps. |20 amps.| 50 amps. 


Peak inverse voltage....... 12,500 V.! 20,000 V.| 20,000 V.| 16,000 V. 


These tubes permit the realisation of rectifier 
equipments suitable for the high tension supply 
of radio transmitters having output powers rang- 
ing from a few hundred watts up to some hun- 
dreds of kilowatts, which is the maximum so far 
considered. Views of rectifier equipments using 
these valves and having outputs between 3 kW. 
and 500 kW. and voltages up to 30,000 volts are 
shown hereinafter. 

The characteristics of hot cathode mercury 
vapour rectifiers are rated or defined by the 
majority of manufacturers and also in the above 
table, by the maximum instantaneous and the 
maximum inverse voltage which they can sup- 
port. This definition is not, in the present state of 
the art, absolutely complete: different authorities 
have indicated that the maximum current and 
inverse voltage supported by a given type of tube 
depend enormously on the circuit in which the 
tube is used. The inverse current, i.e., the current 
passing across the tube during the period when 


the anode is negative, is a factor in determining 
the probability of a short circuit in hot cathode 
mercury vapour valves, and its influence on this 
performance is allied with the principle of the 
valve itself—the employment of an ionised 
medium for carrying the rectified current. 

In a hot cathode mercury vapour valve, the 
ignition or striking voltage is that voltage which 
sets up ionisation by collision of the mercury 
vapour with electrons coming from the cathode. 
This tension, which lies between 12 and 20 volts, 
varies with the mercury vapour pressure and the 
emissivity of the cathode. 

The voltage drop in a rectifier valve is the 
average value of the voltage which gives to the 
electrons drawn from the cathode the energy 
sufficient to reach the anode, i.e., the average 
value of the voltage which gives to electrons 
sufficient energy to bring molecules of mercury to 
the ionisation condition. 

The fact that the voltage drop is less than the 
ignition voltage, shows that the mercury vapour . 
does not return instantaneously to its deionised 
or neutral condition but passes through a certain 
number of intermediate levels. At any instant in 
a valve, the quantity of mercury vapour which is 
in a condition different from the neutral state 
depends not only on the value of the current at 
that instant but also on the value of the current 
at the time immediately preceding the moment 
under consideration. 

During the working part of the rectifying cycle 
the voltage drop in hot cathode mercury vapour 
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Fig. 6—Oscillographic Records of Inverse Current in a Hot 
Cathode Mercury Vapour Rectifier for Different Operating 
Conditions. 


rectifier valves is generally between 15 and 5 
volts. Fig. 4 shows the variation of the voltage 
drop of a given valve for various loads and 
mercury temperature conditions, and Fig. 5, the 
variation of the pressure of saturated mercury 
vapour versus the temperature of the condensed 
mercury. A voltage drop of more than 25 volts 
brings about the rapid deactivation of the cathode 
due to bombardment by positive ions of mercury. 

The voltage drop in a hot cathode mercury 
vapour valve is affected not only by the pressure 
of the mercury vapour but also, for a definite 
load, by the volume of mercury vapour which 
becomes ionised when the rectifier carries current. 

In valves having the construction shown in 
Fig. 1 in which ionisation takes place practically 
only inside the anode and cathode screens and 
not in the whole interior of the bulb, reducing the 
volume of ionised mercury vapour, or decreasing 
the section of the top aperture of the cathode 
screens, increases abnormally the voltage drop of 
the valve when the rectified current exceeds a 
definite limit, whilst the cathode emission may be 
considerably larger than is really needed. It may 
be said that for obtaining long life with suffi- 
ciently wide operating mercury vapour limits, the 
volume of the.ionised mercury vapour should be 
at least 10 cubic centimetres per ampere of 
rectified current, and the density of the rectified 
current through the top aperture of the cathode 
screens should not exceed 0.5 to 1 ampere per 


‘square centimetre, depending on the rating of 


the valve considered. 

At the moment of the apparent extinction of 
the valve, i.e., the moment at which the charac- 
teristics of the rectifier cause the rectified current 
in the valve to pass through zero, two opposing 
phenomena occur: 


(1) The mercury vapour tends to return to its 
neutral state; 

(2) The inverse voltage applied between anode 
and cathode tends to re-ionise the mercury 
vapour. 


It may be said very approximately that, if the 
first effect is preponderant, the tube will support 
the inverse voltage; but, if the second tendency 
is greater, the valve will not support the inverse 
voltage. 

This explanation supposes that the arc-back is 
not caused accidentally as, for example, by the 
formation of a cathodic spot on the anode due to 
the presence of mercury spots in the anode region, 
or electronic emission of the anode due to the 
presence of barium or other impurities on its 
surface. Fig. 6 illustrates oscillographic records of 
inverse currents measured for different operating 
conditions on one of the rectifiers herein de- 
scribed. 

Depending on the shape and amplitude of the 
rectified current and inverse voltage waves, the 
instantaneous and average values of the inverse 
current may vary tremendously. The initial 
value of the inverse current just at the moment 
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Fig. 7—Variation of the Maximum Inverse Voltage Sup- 
ported by One of the Tubes Shown in Fig. 3 Versus the 
Temperature of the Condensed Mercury. 
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the inverse voltage starts to increase across the 
valve is usually considerably larger than the 
value of the inverse current during the remaining 
portion of the idle part of the cycle; generally, 
after a few milliseconds the inverse current drops 
to a very low value, whilst the inverse voltage 
applied across the valve continues to increase and 
passes through its maximum. In certain cases 
with very high inverse voltage and high mercury 
vapour pressure, the inverse current increases 
again and the curve shows a second maximum 
corresponding to the maximum of the inverse 
voltage wave. 

Depending on the valve characteristics and 
operating conditions, the average value of the 
inverse current varies from 10-4 to 10~® of the 
average value of the direct current whilst the 
peak value of the inverse current sometimes 
reaches 10 of the peak value of the direct 
current. 


Following the hypothesis set forth above: 
To increase the inverse voltage which can be 
supported by the valves, it is necessary to in- 
crease the speed at which the mercury vapour 
returns to its normal state and to decrease the 
influence of the inverse voltage on the speed of 
recombination. This may be accomplished by 


(1) Modifying the characteristics of the rectifier 
tube; 

(2) Modifying the wave shape of the rectified 
current, inverse current, and inverse 
voltage. 


For example, following (t) above, in a given 
tube the speed of recombination may be varied 
by changing the pressure of the mercury vapour, 
by increasing the surface of the electrodes, by 
decreasing the volume of ionised vapour, or by 
providing auxiliary electrodes biased at suitable 
potentials. Such means are very efficient but if 


Fig. 8—The Frame of a Six Tube Rectifier Unit Equipped with a Constant Temperature Air Blowing 
Device. 
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not adequately adapted to the valve rating may 
considerably shorten the valve life; for, during 
the active and idle parts of the rectifying cycle, 
they may increase the bombardment of the active 
part of the cathode and cause its rapid deac- 
tivation. 

The variation of the mercury vapour pressure 
caused by change in the temperature of the con- 
densed mercury is one of the most important 
factors in the operation of hot cathode mercury 
vapour rectifiers. Too high a mercury vapour 
pressure is favourable to the operation of the 


Fig. 9—Contactor Rack Used for the Control of the Constant 
Temperature Air Blowing Device Shown in Fig. 8. 


Fig. 10—10 K w. Rectifier Unit with Forced Air Cooling at 
Ambient Temperature. 


cathode and, for a given rectified current, in- 
creases its life and decreases the voltage drop in 
the valve; but an increase of the mercury vapour 
pressure decreases the maximum inverse voltage 
supported by the valve and causes the valve to 
arc back. Fig. 7 gives an idea of the variation 
of the inverse voltage versus the temperature of 
the condensed mercury for one of the valves 
shown in Fig. 3. Contrariwise, an excessive de- 
crease of the mercury vapour pressure increases 
the voltage drop above the critical value, causing 
abnormal bombardment of the cathode which 
results in its rapid deactivation. Furthermore, 
excessively low mercury vapour pressure is gen- 
erally the reason for severe over-voltages which 
are sometimes encountered with mercury vapour 
rectifiers. 

With nearly all hot cathode mercury vapour 
valves in. general use, the temperature of the 
condensed mercury is about 10 to 15° C. above 
the ambient temperature, provided that free air 


. cooling by natural convection is possible around 


the valve. The minimum and maximum operat- 
ing mercury temperatures generally given to 


ELE 


satisfy the conditions mentioned above are 20° C. 
and 60° C., respectively, depending on the cur- 
rent and inverse voltage ratings adopted, thus 
fixing the limits of ambient temperature between 
10° and 50° C. 

In order to maintain the operating temperature 
of large rectifier valves at the optimum value, a 
system of air circulation at constant temperature 
may be employed. The system is such that the 
temperature of the air blown on the coldest part 
of the rectifier bulb is kept within close limits; 
for example, +2° C. of the optimum temperature 
which is generally between 30° C. and 40° C. An 
air circulation system of these characteristics 
extends considerably the range of ambient tem- 
perature giving satisfactory operation of the 
rectifier, as it is obviously possible to maintain 
the optimum temperature on the valve for any 
ambient temperature below the maximum, which 
of course depends on the design of the rectifier 
valve used and on the load conditions. 

A constant temperature air circulation system 
is particularly efficacious in cases of low ambient 
temperature as a few minutes of operation under 
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Fig. 11—Special Socket for Mounting Hot Cathode Mercury 
Vapour Valves on Transformer Bushing. 
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Fig. 12—3 KW. Rectifier Unit. 


too low mercury vapour pressure would suffice to 
damage irremediably the emission of the cathode 
of hot cathode mercury vapour valves. Fig. 8 
shows the assembly of a six tube rectifier unit 
equipped with a constant temperature air blow- 
ing device. It will be seen that the valves are 
supported by insulators fixed to the frame, the 
filament transformers being mounted below the 
valves. By means of a fan mounted on the left 
side of the frame the draught is forced to pass 
through heating resistances and is directed on to 
the valves through suitable piping and nozzles. 
Shields are placed around the valves in order to 
avoid irregular convection of the surrounding air 
in case of low ambient temperature. 

The relays used for controlling the power dissi- 
pated in the heating resistances so as to maintain 
constant the temperature of the air blown are 
assembled on a rack shown in Fig. 9, which. also 
contains the relays for delaying the application 
of the voltage to the anodes of the valves until 
the cathodes have reached their operating tem- 
perature at the starting up of the rectifier. 
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Such cooling systems, which are essential for 
high power rectifiers or for special ambient tem- 
perature conditions, are of course not always 
needed. The rectifier shown in Fig. 10 is a com- 
plete and self-contained 10 kW. unit which, after 
being connected to suitable a-c. supply, is able to 
deliver smooth d-c. current. It comprises mainly 
an oil filled tank containing the filament heating 
transformers of the valves, the high tension 
transformer and the d-c. smoothing choke coils. 
The valves are mounted directly on the cover of 
the tank by means of suitable sockets sealed on 
the porcelain high tension bushings. 

A contactor rack is mounted on the front side 


Fig. 13—250 KW. 20,000 Volt Rectifier Supplying the Plate 
Voltage to the Power Valves of the Kalundborg 60 KW. 
Broadcaster. 


of the unit and comprises the contactors, over- 
load relays, and time delay relay necessary for 
the operation of the rectifier. On the side of the 
unit is fixed a fan which, by means of appropriate 
piping and nozzles, blows air on the tubes at the 
ambient temperature. The fan is started auto- 
matically when the ambient temperature exceeds 
a fixed value, generally about 25° C., by means of 
a thermostatic relay seen on the left of the 
illustration behind one of the porcelain terminals. 

Fig. 11 shows the details of the special socket 
used for mounting the valve direct on the bushing 
of the unit. 

This type of construction in a self contained 
unit, as exemplified above, has proved to be 
highly economical and reliable for rectifiers from 
3 to about 50 kW., and furthermore makes it 
possible to install rectifiers in cubicles as is done 
for high tension transformers. 

Fig. 12 represents a 3 kW. rectifier unit of the 
same design but, in this case, no provision has 
been made for forced air cooling, air cooling by 
natural convection being considered sufficient for 
the output requirements and range of ambient 
temperature considered. Fig. 13 shows a 20,000 
volt rectifier installed at Kalundborg, Denmark, 
for supplying the voltage to the anodes of the 
power valves of a 60 kW. broadcaster. 

The air cooling conditions required by hot 
cathode mercury vapour valves are often over-. 
looked, especially when they are mounted in 
closed cabinets or units. In such cascs special care 
should be taken to insure that the real tempera- 
ture of the condensed mercury is within the 
specified limits. The air temperature inside such 
units, after some hours of operation, may be con- 
siderably above room temperature and, in addi- 
tion, the cooling of the valves by natural convec- 
tion is obviously less when they are closely sur- 
rounded by other components of the equipment. 

Another important point to be observed, when 
hot cathode mercury vapour valves are mounted 
in closed units is that the disposition of the 
windows or louvers provided for air circulation 
should be such that the incoming fresh air is 
blown or drawn in at the bottom of the unit 
rather than in front of the anode region of the 
bulb of the rectifier valves, since the latter will 
cause the mercury to condense in undesirable re- 
gions and consequently promote arc-back con- 
ditions. 


ELECTRICAL COMMUNICATION 


Apart from the factors which directly affect the 
valves, such as the mercury vapour pressure, the 
cathode emission, voltage drop, etc., there are 
other factors which can affect their operation. For 
instance, by changing the characteristics of the 
rectifier circuit in which a given valve is used, it is 
possible to change enormously the manner in 
which the valve will support the inverse voltage; 
in other words, a given valve may operate per- 
fectly in a certain rectifier equipment whilst, for 
the same output in another less suitable circuit 
arrangement, the same valve may arc back al- 
most continuously. 

As stated previously, in hot cathode mercury 
vapour valves, the residual ionisation during the 
idle part of the rectifying cycle is one of the 
important factors which affect the maximum 
inverse voltage they can support. At any instant 
of the working part of the rectifying cycle, the 
quantity of mercury vapour ionised in a valve 
depends on the instantaneous value of the direct 
current and, when the current decreases, the 
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Fig. 14—Representing the Variation of the Fatigue of the 

Rectifier Valves in 3-Phase Half Wave and Single-Phase 
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Figs. 15 A and B—Primary Current, Rectified Current Per 
Valve, and Inverse Voltage Waves of a 10,000 Volt 12 Am- 
pere, and a 5,000 Volt .5 Ampere Rectifier Under Load. 


quantity of ionised vapour decreases also, but 
with a delay; and it is evident that, if the direct 
current stops abruptly, the deionisation time is 
longer than if the current decreases progressively. 
The wave shape of the inverse voltage applied to 
the tube can also change the speed of deionisation 
of the mercury vapour. If, immediately after the 
extinction of the valve, the inverse voltage in- 
creases very rapidly, its influence can easily be- 
come more important than that of the recom- 
bination of the mercury vapour. 

These different considerations have inspired an 
attempt to evaluate the fatigue of rectifier valves 
in different operating conditions, the object being 
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to define the characteristics of rectifier circuits so 
as to give the most favourable conditions. The 
fatigue of a valve under given operating condi- 
tions has been defined arbitrarily as being a 
complicated function of the peak rectified cur- 
rent, peak inverse voltage, rate of change of the 
direct current, and inverse voltage just before 
and after the moment at which the direct current 
ceases to flow in the valve. 

To illustrate one of the effects of the circuit 
characteristics, Fig. 14 gives in arbitrary units 
the variation of the fatigue of the rectifier valves 
for two conventional circuits in terms of the 
regulation coefficient of the rectifier circuits under 
consideration. For each type of rectifier circuit 
there is a minimum coefficient of fatigue and, 
evidently, it should be the aim to reach this 
minimum, which is in fact possible. It must be 
stated that it does not necessarily follow that 
conditions of high efficiency and good power 
factor cause less strain in the tube. 

Another important factor which may affect 
seriously the behaviour of rectifier valves is that 
the maximum inverse tension which can be sup- 
ported by mercury vapour valves decreases as the 
frequency of the applied alternating supply in- 
creases, the effect being due to the appreciable 
time required by the mercury vapour to become 
deionised. The maximum inverse tension in the 
valve increases rapidly after the cessation of the 
normal current, the rate of increase depending on 
circuit design, which can be modified. If, how- 
ever, a high frequency voltage be superimposed 
on the low frequency which is to be rectified, the 
excitation of the mercury vapour will persist 
longer in the tube after the stoppage of the 
normal electronic current, so that the maximum 
inverse tension which can be carried by the valve 
will be reduced. Therefore, in rectifiers used for 
supplying anode voltage to high frequency ampli- 
fiers, as, for example, in radio broadcasting sta- 
tions, it is absolutely necessary to avoid, by suit- 
able filter circuits and screens, the picking up or 
the return of radio frequency on the rectifier 
valves. 

The complete theory of mercury vapour recti- 
fiers has been fully treated by several authorities 
and it is not within the scope of this article to 
reproduce the extensive calculations made. It is, 
however, of interest to insist on the influence of 
circuit design on the performance of rectifier 


tubes; in particular, the effect of the transformer 
and filter circuits, since a frequent source of error 
has been to design a filter circuit without regard 
to its effect on the operation of the rectifier. In 
other words, in a mercury vapour rectifier, it is 
not only necessary to consider the factors which 
make up the characteristics external to but ap- 
plying to the rectifier, such as regulation, power 
factor, efficiency, and suitability of the filter 
circuit; but, in addition, the influence of the 
rectifier characteristics and of the filter should be 
examined from the point of view of the operation 
of the rectifier valves themselves. 

An effect which may arise and which may 
affect profoundly the operation of rectifier valves, 
is the tendency of the transformer feeding the 
rectifier to oscillate. This tendency is present be- 
cause of the rapid change in the current passing 
through the transformer windings when feeding a 
rectifier. The greatest change takes place at the 
moment when the current in each winding, after 
passing through its maximum, decreases and then 
ceases abruptly; the value of the current change 
may be of the order of 100,000 amperes per 
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Fig. 16—Variation of the Wave Form of the Rectified Voltage 
of a 3-Phase Half Wave Grid Controlled Rectifier when the 
Firing Delay of the Grids is Increased. 
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Fig. 17—Wave Shape of the Peak Wave used for Firing Grids 
and Displacement of the Peaked Waves by D-C. Control. 


second for 500 kW. rectifiers. This abrupt cessa- 
tion of current may excite oscillations in the 
transformer windings, always assuming that the 
windings are susceptible, and it may be ad- 
vantageous on transformers used with mercury 
vapour rectifiers to adopt a system of construc- 
tion used on so-called antiresonant transformers. 
It has been found, however, that the application 
of suitable damping circuits or surge absorbers is 
in most cases quite satisfactory in suppressing 
unwanted oscillations. 

In order to protect the transformer winding 
from surges which might arise at the moment 
that the supply voltage is switched on to the 
transformer, the switching mechanism, which 
may be either a circuit breaker or contactor, 
should be operated in two or more steps. The 
first step switches on the power to the rectifier 
transformer through resistances, and the second 
step, which occurs shortly afterwards, short cir- 
cuits these resistances. Fig. 15 shows oscillo- 
graphic records of the a-c. current, rectified cur- 
rent, and inverse voltage of some of the rectifier 
units illustrated herein. 


Hot Cathode Mercury Vapour Grid Con- 
trolled Rectifiers 


An important development of the hot cathode 
mercury vapour rectifier is the introduction of a 
grid electrode as a means of controlling the out- 


put, but it would appear that the development 
of this type of rectifier is not as yet sufficiently 
advanced to permit regular operation for broad- 
casting services. However, it may be said that 
grid controlled hot cathode mercury vapour rec- 
tifiers will certainly be used extensively in the 
future, inasmuch as the added facilities they 
render possible, whilst not essential for rectifiers 
used for radio broadcasting, give greater flexi- 
bility to the equipment at reasonable cost. 

The effects of a grid electrode as fitted to 
mercury vapour valves for high tension rectifiers 
are as follows: 


(1) To prevent the current from starting between 
anode and cathode, even when the anode 
is positive in respect to the cathode by a 

` higher value than that which would have 
ignited the valve had there been no grid 
electrode. This result is accomplished by 
making the grid negative with respect to 
the cathode; 

(2) To cause immediate ignition of the valve, the 
anode being positive with respect to the 
cathode. This result is obtained by making 
the grid positive with respect to the 
cathode; 

(3) Once the valve is ignited, the ignition cannot 
be stopped, or the value of the rectifier 
voltage changed. 


The above effects are well illustrated by the 
oscillograms reproduced in Fig. 16, which show 
the wave form of a rectified voltage recorded in 
front of the filter circuit of a three-phase rectifier 
assumed to be without voltage drop. The top 
curve shows the wave form from an ordinary 
rectifier without grid control, ignition taking 
place at A. The middle curve shows the effect of 
retarding the ignition from point A to point B by. 
means of the grid, the angular displacement 
between points A and B being the angle of delay 
of excitation. In the lower curve the ignition is 
still further retarded to the point C. In both the 
last two cases the excitation of the grid was a 
positive peaked wave timed to occur at the right 
instant. Now the value of the grid electrode as a 
means of varying the rectified voltage is that, for 
a given angle ¢, the resultant output voltage will 
be equal to the output voltage given by the same 
rectifier, but without grids, multiplied by the 
cosine of ¢. It has been shown by the oscillograms 
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Fig. 18—Peak Wave Transformer Used for Firing Grids of 
Hot Cathode Mercury Vapour Valves. The Grid Control 
Wiring is that Connected to the High Voltage Insulated 
Terminal. The Other Terminals are Low Tension A-C. 
Excitation and D-C. Control Windings. 


that the variation of angle ¢ controls the mean 
value of the output rectified voltage. This varia- 
tion is theoretically from zero to maximum for a 
variation in @ from zero to 90°. 

Furthermore, the effect of the grid is such that 
when it is connected to the cathode, or adequately 
biased, the valve will not ignite even when the 
anode is positive with respect to the cathode. As 
soon as ignition has occurred, the grid takes up a 
potential approximately that of the cathode until 
anode current ceases to flow as the applied volt- 
age changes in sign. In every case, to obtain 
ignition of the valve, the grid must be given a 
positive potential for a very short interval of 
time. 

The properties of the grid electrode afford an 
immediate protection for the valve itself and 
facilitate the operation of a system for limiting 


and switching off overloads or short circuits, 
since it is only necessary to suppress the grid 
excitation in order to stop the further ignition of 
the valve. 

Among the many systems possible for the exci- 
tation and control of grid controlled hot cathode 
mercury vapour valves, the system discussed 
below has been chosen as it does not include any 
rotating parts or moving relays. A peaked wave, 
as shown in Fig. 17, is used for the excitation of 
the valves. 

The chief component required for the system 
of the production and control of this peaked wave 
is a transformer shown in Fig. 18. This trans- 
former has a special magnetic system partly 
made of Permalloy, and is supplied with an a-c. 
voltage from the same supply as that to be 
rectified. A direct current passes through one of 
the windings and is used as a control. Each time 
that the a-c. wave through one winding changes 
in sign, the flux of the core is reversed and a 
peaked wave is produced in a third winding. If 
now the value of the direct current in the control 
winding is increased, the peaked waves are dis- 
placed with respect to the a-c. cycle. The effect is 
well illustrated in Fig. 17, which is a reproduction 
of an oscillogram of the output voltage of the 
transformer. In this case the peaked wave was 
displaced by 60° for a total change of 200 ampere- 
turns in the control winding. A further increase 
in the value of direct current has the effect of 
saturating completely the core system with the 
result that peaked waves are no longer produced 
and the grid controlled rectifier valves are no 
longer excited. The value of this principle of 
variation of output may be more closely under- 
stood by taking as an analogy a separately 
excited d-c. generator. In the case of the gener- 
ator, the variation of the field excitation may be 
such as to vary the voltage output from zero to 
maximum. With a grid controlled rectifier using 
this special transformer, the voltage output may 
be adjusted by changing the value of ampere- 
turns in the d-c. winding, thus displacing the grid 
peaked waves. In the same way, it is equally easy 
to obtain compounding of a rectifier by passing a 
portion of the output current through the control 
winding. The power required for such auxiliary 
controls is about 1/100 of the power required ina 
d-c. generator to give the same facilities. Fig. 19 
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is a simplified schematic of a three-phase rectifier 
using grid controlled rectifier valves. 

The auxiliary dry rectifier shown in Fig. 19 is 
supplied with a-c. power from the main supply, 
the output of the rectifier feeding into a potenti- 
ometer, which is in turn connected to the control 
winding of the transformer for producing peaked 
waves for the grid excitation. The object of this 
small rectifier and potentiometer is to give a 
control of the output by displacing the peaked 
waves and hence, as already shown above, chang- 
ing the output. It is evident that the auxiliary 
rectifier and potentiometer might be replaced by 
a d-c. regulator such as is used to control rotating 
machinery and, in this way, constant voltage 
output could be obtained from the rectifier, and 
much more economically, inasmuch as the power 
capacity of the regulator need only be quite small. 

Following the analogy of the d-c. generator, it 
will be shown that a grid control rectifier may be 
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compounded in a much simpler manner than is 
the case with a rotating machine. In the latter 
case, compounding is obtained by passing a por- 
tion of the output current through the field cir- 
cuit in a direction and at an intensity required by 
the conditions. In the case of a rectifier, however, 
equivalent results may be obtained by using a 
fraction of the output power in the control wind- 
ing of the peak wave transformer. The order of 
power required to give complete control is from 
0.1% to 0.001% of the rectified power. 
Probably one of the most valuable features 
which can easily be applied to a grid control 
rectifier is the facility for breaking overload con- 
ditions instantaneously. In this respect the 
analogy of the d-c. machine cannot be followed 
since the system used for a grid control rectifier 
is infinitely more simple and flexible. In consider- 
ing the case of a machine, it is well known that 
auxiliary means have to be provided for tripping 
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Fig. 19—Simplified Schematic of a Grid Controlled 3-Phase Half Wave Rectifier. 
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a short circuit or overload and such means are 
generally relatively slow-acting and expensive. 
On the other hand, the grid control rectifier re- 
quires but the suppression of the grid excitation 
for achieving the same object and this with a 
speed greatly superior to that of the associated 
equipment of the machine. 

In the system under consideration, which is 
free from moving parts, the tripping device con- 
sists of a mercury vapour relay in a special circuit 
arrangement comprising a Wheatstone bridge, 
one of the arms of the bridge being connected to 
the load circuit. The arrival of a short circuit or 
overload upsets the balance of the bridge and 
instantly sets the valve relay into operation, this, 
in turn, suppresses the grid excitation of the main 
rectifier which immediately ceases to function. 

In systems in which mechanical devices are 
permitted, the valve relay is replaced by a small 
mechanical relay having very low inertia and 
capable of operation at high speed. On the 
occurrence of a short circuit or overload, the 
relay operates and suppresses the grid excitation. 

Such systems may be arranged to break down 
short circuits in less than 20 milliseconds and, 
since high voltage rectifiers used for radio trans- 
mitters include important smoothing circuits, the 
overload relay suppresses the grid excitation of 
the valves before the rectified current fed into the 
smoothing circuit has appreciably increased, 
whilst the transient output current of the filter is 
several times the normal. 


Conclusion 


The possible varieties of rectifiers using hot 
cathode mercury vapour valves are extremely 
numerous since different combinations and num- 
bers of valves may be used in many different 
types of circuits. The fundamental advantages of 


“a rectifier using hot cathode mercury vapour 


valves are simplicity and low first cost; the reli- 
ability is very good but is, of course, handicapped 
by the necessity for valve renewal. Unlike the arc 
pool type, the failure of a valve does not cause an 
interruption in the service, and a failed valve is, 
in any case, quickly replaceable. The low initial 
cost of the rectifier permits the addition of spare 
equipment without making the whole installation 
uneconomic. 

To sum up, therefore, the general character- 
istics of the most popular types of rectifier dealt 
with above, it may be said that the efficiencies 
and power factors are of the same order for all 
three types, so that the annual power cost is 
about the same. The continuously evacuated 
tank type rectifier has a high initial cost com- 
pared with the other types under discussion; the 
continuity of service of the tank type is less liable 
to interruption but should interruptions occur, 
they are likely to be of much longer duration. The 
provision of a duplicate rectifier as a standby is 
comparatively prohibitive in cost and the routine 
maintenance required by the tank type is greater 
and necessitates a higher degree of competence. — 

The comparison of the arc pool rectifier with 
the hot cathode rectifier would show that the 
initial cost of a simple rectifier is about the same 
in both cases, but that provision for sufficient 
spare equipment to insure continuity of pro- 
gramme shows a balance in favour of the hot 
cathode type. 

Of the three types it may be said that the hot 
cathode rectifier shows promise of the greatest 
development since it is of comparatively recent 
origin. The trend of development will be mainly 
towards more powerful valves operating at higher 
inverse voltages. These features, combined with 
long life, will largely remove the chief disadvan- 
tage of valve renewals. 


The Automatic Radio Compass and Its Applications 
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Aerial Navigation 
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Les Laboratoires Le Matériel Téléphonique, Paris, France 


SUMMARY: This article discusses the general principles of radio compasses; it de- 
scribes the R.C. 5 Radio Compass and applications to aerial navigation. Comparison 
is made with other methods of navigation by radio, and applications of the radio 
compass in France and other countries are indicated. 


EN years ago initial efforts were made to 

develop a radio compass system, then 
called “Hertzian compass,” in which 
the angles indicating the position of a radio 
transmitter appeared automatically on a grad- 
uated scale, similar to the scale of an ordinary 
magnetic compass. Two years later, more com- 
plete studies were undertaken and rough models 
and testing apparatus were constructed. A first 
working model was then made and the essential 
principles established. 

The apparatus described in this article is, 
therefore, the outcome of an old idea that had 
been developed over a period of several years. 
This idea had previously found practical applica- 
tion and was taken over to suit the needs of 
aircraft. 

Thanks to the collaboration of the French Air 
Ministry, it was possible to make trial installa- 
tions which were given: exhaustive tests and 
which proved that the conception of the ap- 
paratus was sound. As a result, commercial 
production was commenced. 


General Principles of Radio Compasses 


The essential aim of a radio compass is to 
indicate the direction of a radio station and, 
fixed on board an airplane, it indicates the 
direction of a station by showing the angle 
made by the direction of this station with the 
airplane’s axis. 

An automatic and unbroken visual indication 
of the direction of a radio station with respect to 
an airplane has numerous advantages in navi- 
gation. By eliminating manual operation, navi- 
gation is made simpler and the chances of error, 
due to non-automatic and thereby intermittent 
indication, are reduced. 


Under normal conditions, natural landmarks, 
villages, houses, or other prominent indications 
are often sufficient for navigation, the necessary: 
information being transmitted to the human 
eyes by light waves. The automatic radio com- 
pass with its continuous visual indication of the 
position of a distant and unseen radio trans- 
mitter in effect increases in a simple way this 
visible horizon of the pilot. 

We find in nature a similar extension of the 
horizon. Naturalists think that carrier pigeons 
and migrating birds navigate by using waves 
of a nature and in a manner unknown to us. 

The radio compass has other applications 
which will be indicated hereinafter. 


Description of the R.C. 5 Radio Compass 


Principles. Le Matériel Téléphonique, Paris, 
has constructed a radio compass indicating the 
direction of a transmitter on a dial graduated in 
degrees completely around the circle. So far as is 
known, radio compasses built subsequently by 
others indicate merely the deviation of the air- 
plane from its proper direction: if the plane be 
headed towards the left, the needle indicates 
“left”; if the plane be headed towards the right, 
the needle indicates “right,”’ but no indication is 
given to the pilot as to how many degrees the 
plane has turned. 

The radio compass herein described is, in fact, 
an automatic radio goniometer: it indicates the 
direction of chosen transmitters which may be 
situated all around the plane. More varied appli- 
cations are thus possible than in the case of an 
instrument showing only the direction to the left 
or to the right of the axis of the airplane. 

The apparatus is based on the following prin- 
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Fig. 1—Schematic Layout of Equipment. 


ciple: a receiving loop aerial turning regularly 
around a vertical axis permits maximum reception 
every time that the plane of the loop passes in the 
direction of the transmitter. If the loop turns 
regularly at a certain speed, a certain number of 
maxima and minima of receptions per second can 
therefore be observed in a receiver tuned on a 
transmitter. 

A rotating speed of five revolutions per second 
has been chosen. Maxima and minima of recep- 
tions, therefore, take place at the rate of ten a 
second. 

The phase of these maxima and minima, i.e., 
the moment at which they occur in connection 
with a given origin, depends on the direction of 
the transmitter in relation to the axis taken as 
origin. If the loop turns regularly, these maxima 
always appear when the plane of the loop points 
in the direction of the transmitter. If the location 
of the transmitter changes in relation to the radio 
compass, the minima and maxima phases also 
change. This changing of phases is utilised in the 
apparatus to obtain the automatic indication. 

The high frequency waves received in the loop 
pass through amplifier, detector, and low fre- 
quency amplifier stages in the receiver. In the 
output stage a variable current, representing the 


maxima and minima of reception, with phases 


identical to the phases of the wave received, is 
. thus obtained. To obtain the measurement of 
phase in the indicating instrument, it is necessary 
to adopt a determined origin. This origin is 
obtained by placing on the rotating axis of the 


loop a diphased current generator, the phase of 
which is constant in relation to the revolutions 
of the rotating loop. 

The variable current obtained at the output 


-stage of the receiver, representing the maxima 


and minima of reception caused by the rotation 
of the loop, and the diphased currents from the 
generator are fed into a special, improved 
phasemeter. The diphased current creates a 
rotating field in a magnetic stator, comparable 
to the stator of a synchronous motor. This field 
rotates at a speed double the speed of the loop. 
The variable current from the receiver actuates 
an armature carrying a pointer associated with 
a dial. In this armature, therefore, an a-c. 
current is produced by the rotation of the receiv- 
ing loop and, in the stator, a fixed phase rotating 
field by the diphased current generator. Thus the 
magnetic reactions of one flux on the other give a 
definite position to the armature, which sets 
itself perpendicularly to the flux when the current 
going through it is maximum, thereby indicating 
the phase looked for and, as will be evident later, 
the direction of the transmitter. 

General Layout. Fig. 1 shows a schematic lay- 
out of the equipment. As indicated, the receiving 
loop is connected to a detector-amplifier receiver. 
The variable d-c. current, proportional to the 
signal, passes through the armature of the indi- 
cator. To simplify the diagram, the entire indi- 
cator dial has not been reproduced but merely 
the needle and a portion of the dial. In reality 
the needle is fixed and the entire scale rotates. 
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AIRPLANE AUTOMATIC RADIO COMPASS, TYPE RG-5 


Fig. 3—Airplane Automatic Radio Compass, Type R.C. 5. 
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The diphased current generator, reduction gear, 
and the motor for driving the loop at constant 
speed also are shown. 

The diphased current generator consists of a 
revolving potentiometer, fed by d-c. current, 
rotating regularly between fixed brushes. These 
brushes represent alternately opposite points of 
maximum positive or negative potential, and 
pass through all intermediate values in such a 
way that the result is the production on these 
brushes of an angular potential waveform which 
is rendered sinusoidal by the inductance of the 
stator of the indicating apparatus. Accordingly, 
an indication can be obtained at any distance, as 
only one simple electric link between the indi- 
cator and the other parts of the equipment is 
employed. 

The potentiometer is neither continuous nor 
circular, but consists only of half a circumference 
since there are two maxima and two minima for 
each revolution of the receiving aerial, i.e., two 
periods of the variable current at the output- 
stage of the receiver for each one revolution of 
the loop. In order to synchronise the diphased 
currents with the variable current at the output- 
stage of the receiver, it is necessary that they 


should have the same frequency as the variable 
current. It is, therefore, necessary to double the 
rotation speed of the rotating magnetic field by 
doubling the frequency of the diphased currents 
relatively to the rotating frequency of the loop. 
When the loop rotates five times per second, the 
frequency of the output current of the receiver is 
10 periods per second. The diphased current 
generator rotating at five revolutions per second 
also produces a current of 10 periods per second, 
because its current is collected on a half circum- 
ference, and because the number of brushes is 
eight, the brushes being fitted at 180° and com- 
moned in pairs. The current reversals are twice 
as great as would be the case with four brushes 
and one complete circular potentiometer. 

The brushes, bearing on brass segments, are 
connected to a resistance. There is thus formed 
on the segments a potential which may be repre- 
sented by the lower curve of Fig. 2. This curve is 
simply due to the passing of the brushes from one 
segment to the other. The continuous line repre- 
sents the nearly-sinusoidal current obtained when 
applying to a large inductance a tension of the 
above form and, in this case, to the stator of the 
indicator. 


Fig. 4—Loops and Receiver with Covers Removed. 


The upper part of Fig. 2 shows the diagrams of 
the diphased currents in the successive positions 
of the resistances. 

In the indicators, the magnetic reaction of one 
flux on the other causes the armature and dial to 
take up a steady position and thus to indicate the 
direction of the transmitter in connection with a 
predetermined origin. This origin is simply the 
setting which exists between the diphased 
generator and the receiving loop: by modifying 
this setting by mechanical means, the origin can 
be modified as desired and the indicators can be 
made to show the zero angle when the airplane is 
heading towards the transmitter. 

The indicator not only utilises the current 
maxima to show the direction, but it also entirely 
integrates the variable current due to the signal. 
Therefore, the sensitivity is very high and the 
stabilising of the indicator is proportional to sin a 
(a being the angle through which the armature 
might be artificially pulled out of position). 

This integration of the effects of the variable 
current is due to inertia of the armature. How- 
ever, the inertia has been so limited that the 
armature vibrates at 10 periods per second on 
about 14 of a degree, which considerably lowers 
the initial friction of the pivots and has the added 
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advantage of allowing the observer immediately 
to detect a possible ‘‘dead”’ receiver or any other 
fault which may occur. 

Description. Fig. 3 gives a general view of the 
equipment. The indicating apparatus and the 
control units are shown on a scale double that of 
the loop. “A” represents the receiving loop. 
Beneath it, the high frequency collector, which 
gathers the currents generated in the loop and, 
also, the high frequency transmission line leading 
to the receiver are mounted. “B” represents the 
small generator, the reducing gear, and the motor 
operating the receiving loop. 

The receiver D and the rotating loop A are 
entirely remote-controlled by a small control 
unit, comprising simply the mechanical remote 
tuning of the receiver, a volume control to adjust 
the signal intensity, and a main “on” and “off” 
switch which, in a third position, starts the 
rotation of the loop. 

Two indicators can be utilised. One is called 
“navigator’s indicator” and the other, “pilot’s 
indicator.” In the first, the indication is read on 
a movable dial graduated in 360° and moving in 
connection with a fixed pointer. In the second, 
the indication is limited to plus or minus 15°. 


Fig. 5—Control Unit with “Navigator Type” Indicator 
(Upper portion of illustration); Converter 
(Lower portion of illustration). 
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Fig. 6—“ Pilot Type” Indicator. 


The first is called “navigator’s indicator” be- 
cause it allows any of the crew of the airplane 
taking bearings to determine the position of the 
plane in relation to any given transmitter 
located around the plane. 

The second is specially limited and designed 
for flying toward any given transmitter, and 
especially concerns the pilot. It represents an 
important advantage over the so-called ‘‘hom- 
ing” systems, and permits correction for drift. 

By means of this indicator the pilot can modify 
the reference axis by +15° in such a way that by 
altering his pointer the same amount of degrees 
as the angle of drift he can still steer with his 
indicator on zero and thus fly a great circle course 
directly to the transmitting station. This would 
not be possible with a so-called “homing” device. 


In fact, for this facility, it is necessary that the’ 


indicating apparatus itself indicate angles and 
that it be not limited to indicating a movement 
to the left or to the right. 

In Fig. 3, E represents the converter for the 
anode high tension. This converter is fed by the 
storage battery J. 

The units L, and LZ permit rapid disconnection 
of the remote control, and the junction boxes 
Ki, Ka, etc., allow very rapid replacement of any 


part of the apparatus by a standard, identical 
part. 

Fig. 4 shows in a more detailed manner the 
receiving loop of .3 metre diameter which, to the 
best of the writer’s knowledge, is the smallest 
of its kind. Its aero-dynamic drag in a wind of 
170 km. per hour is about 3 kg., and this drag 
only increases by 100 or 200 grammes when the 
loop is rotating. 

The receiver is shock-proof mounted. 

In Fig. 5 is shown the control unit with the 
remote control tuning dial on the left, and the 
milliammeter showing the current gencrated by 
the signal at the centre; also the navigator’s type 
indicator, which is movable in all directions to 
facilitate reading of bearings. For the same 
reason, the position of the magnifying glass also 
can be changed. 

The lower part of Fig. 5 shows the small 
rotary HT converter for the receiver. The radio 
compass is entirely fed by the airplane’s battery, 
24 or 12 volts, and will operate correctly with a 
current variation of +15%. 

Fig. 6 shows the “‘pilot’s indicator” permitting 
correction for drift. This indicator is constructed 
especially to make readings for the pilot as simple 
as possible and differs from the navigator’s 
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Fig. 7—Installation of R.C. 5 Radio Compass on an Airliner. 


indicator with its 360° scale. When piloting, it is 
difficult to maintain an indicating graduated dial 
on a predetermined value and pilots prefer to 
keep a needle in one position without figures, 
even if they have to do the setting by other 
means. It is this principle which is used here. 

The reading is made directly by means of a 
needle associated with green and red sectors, the 
dead centre indicating the plane’s position when 
flying towards the transmitter. These sectors can 
be moved -+£15° by means of a control knob and 
allow correction for drift. The position of the 
needle can be read either directly, or by means 
of a mirror in case the apparatus is placed high 
enough on the dashboard. 

The radio compass does not itself indicate the 
“sense” of direction. It will be shown later that 
there are several ways of eliminating this 180° 
ambiguity. 

The total weight of the apparatus without the 
wiring is 22 ke. Depending on the size and 
type of the airplane, a few kilogrammes must be 
added for wiring. 


Applications to Aircraft Navigation 


Installation on board airplanes gives rise to a 
certain number of problems. The first is the 
deviation of the waves due to the metal parts of 


the airplane or to the closed circuits formed by 
them. These deviations are constant and cause 
errors in bearings which may be as much as 10° 
or 15°. Nevertheless, by choosing the proper 
location for the loop it is possible to reduce these 
deviations to a small figure, sometimes even to 
zero. 

Let us take as an example the case of an all 
metal high wing monoplane: At certain positions 
on wings or fuselage, the refractions of the wire- 
less waves will be at a minimum. Therefore, it is 
essential to install the loop-aerial at one of these 
positions, provided, of course, that the position of 
the receiver inside the plane will permit. With 
the exception of the loop-aerial and receiver, the 
relative positions of which are governed by the 
fixed length of the transmission line connecting 
the two, all other parts of the equipment can be 
installed at the most suitable places. 

In the case of low wing airplanes, deviations 
cannot always be avoided. However, as the 
deviation is nil at right angles to either the 
longitudinal or athwartship axis of the plane 
and rises to its maximum only at a 45° angle to 
these axes, this constant error can be corrected 
by reference to a very simple correction curve. 

Fig. 7 gives an example of an installation, using 
the same reference letters for the various parts 
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as in Fig. 3. It shows a case where the frame and 
the receiver are installed in the tail of the air- 
plane. Sometimes there is not much room to 
spare, even for small apparatus, in the pilot’s 
cockpit, and this is especially true in transport 
airplanes where the pilots are in front and the 
radio operator- directly behind them. 

The control of the equipment is solely effected 
by the remote control unit, and the indication is 


‘given at the most suitable points in front of 


pilot and navigator by means of their respective 
indicators. 

Accuracy. The guaranteed accuracy of the 
apparatus is +2° for a distance of about 500 km. 
from a 300 watt transmitter. The receiver is 
extremely sensitive and, in most cases, this 
sensitivity is not fully employed. In fact, from 
the point of view of accuracy, it is difficult in an 
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Fig. 8—Exaggerated Curve Illustrating Drift Due to Wind. 
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Fig. 9—Deviation Research with a Radio Compass. 
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Fig. 10—Illustrating Methods of Correcting for Drift. 
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airplane to navigate within 1° to 2° and, there- 
fore, this figure is fully satisfactory for aerial 
navigation. E 

Due to the well-known errors in magnetic 
compasses, such as the northern turning error, 
etc., it is difficult to keep an airplane on a steady 
course by means of a magnetic compass alone. 
The great stability of the R.C. 5 indicators, 
therefore, considerably facilitates the keeping of 
a correct course. In this connection it should be 
noted that the indicators allow for a plane, an 
inclination of about 30° without producing a 
fault greater than 1°. 

The above reference is not meant to be a 
criticism of the utilisation of the magnetic 
compass which, so far, is an indispensable 
apparatus, but it is desired to show the ad- 
vantages offered by navigating directly with the 
indications of the radio compass. Furthermore, 


the utilisation of the magnetic compass can 
always be combined with that of.the radio 
compass. 

Interference. As indications are given auto- 
matically, an important point is the question of 
interfering transmitters. When using the equip- 
ment on broadcast transmitters, interference is 
not to be feared, due to allocation of wave- 
lengths. When utilising weaker transmitters, no 
difficulty has ever arisen, owing to the selectivity 
of the receiver. 

Very exhaustive experiments have been made 
on this point. Two stations of the same power 
were used, situated 90° one from the other, which 
is the worst case as regards interference: the 
frequency of one station was varied in order to 
note when it would start and when it would stop 
interfering with reception of the station having a 
fixed frequency. 
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A difference of 1 kc. between the frequencies - 


of the transmitters is sufficient to give a correct 
indication on the fixed frequency transmitter. 
However, interference, if any, can both be seen 
and heard, and thus the operator is warned 
against the use of such indications. 

The range of powerful broadcasting stations is, 
of course, much greater than that indicated for 
the small power stations. Through a station like 
Radio-Paris (60 kw.), it is possible to work the 
R.C. 5 radio compass as far as 2,000 km., and 
even more, at sea. In fact, ranges at sea are much 
greater for a given power than on land. 

Night Effect. Like all radio direction finders, 
the apparatus can be affected by the “night 
effect” produced by the fact that at night the 
radio direction finder receives two or more waves: 
the direct wave following the curvature of the 
earth, and the indirect waves being reflected by 
the ionosphere. On land this error starts at 
about 70 to 100 km. from transmitters employing 
ordinary antennae; at sea, the error starts at 
greater distances: 200 or 300 km. 

In order to reduce this error on land, numerous 
means of transmission can be employed. Trans- 
mitters utilising an aerial strictly vertical or an 
“anti-fading’’ antenna, considerably reduce these 
errors and the operating range increases by 200 
km., which is sufficient in most cases where the 
radio compass is utilised. It is possible to navi- 
gate by utilising stations situated one after ‘the 
other without having to take, when starting, 
the most distant station. 

The question is often asked as to which 
stations can be utilised: 

First, the numerous broadcasting stations 
which, situated near big cities, form a close net of 
Hertzian beacons for navigation over great 
distances. 

Second, all radio beacons of any transmission 
system, directive or not, for air or sea navigation. 
The radio compass will indicate their direction, 
the same as in the case of an ordinary transmitter. 

Airport stations can also be utilised. On re- 
ceiving a call from an airplane, they can trans- 
mit for some ten seconds at regular periods to 
direct the airplane towards the airport. 

If necessary, further non-directive transmitters 
can be installed on regular air routes to serve as 
beacons. 

In this connection, it should be stated that 


modern broadcasting stations utilise the so- 
called ‘‘anti-fading” antennae, which also avoid 
the night error. 

The pilot and the navigator must have a small 
map of their flying area, giving them information 
on the transmitters that can be utilised, as well 
as their range without night error, their power, 
and their normal wavelengths. 


Navigation with the Radio Compass 


The easiest method of navigating with the 
radio compass consists in tuning the radio com- 
pass on a given station situated at the aerodrome 
of destination, and then to operate in such a way 
that the indicators show the angle as 0°. In this 
way, the airplane always flies in the direction of 
the station and, if the wind is nil, it flies in this 
direction along a great circle. In most cases when 
drifting by wind, a curve is traced that pilots 
and navigators call the ‘‘drift-curve.”’ 

Fig. 8 illustrates such a curve. An airplane 
equipped with a radio compass always has its 
axis directed towards station B, but the wind 
causes deviations from the course and should be 
allowed for. On such a curve, it is easily seen that 
the angle indicated by the magnetic compass, 
i.e., the magnetic course followed by the air- 
plane, constantly changes; and, therefore, the 
true course of the plane also constantly varies. 
It should be noted that this curve is exaggerated 


Fig. 11—Calculator. 
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Fig. 12—Ilustrating Methods of Correction for 180° Ambiguity. 
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for illustration purposes. The true course varies 
from 90° to 54° and in the end the airplane 
reaches the station in the wind’s direction on a 
37° true course. If it reaches the transmitter’s 
aerial, it passes exactly over this antenna facing 
into the wind. Indication is given to the pilot by 
the rise of the volume of reception; and, after 
having passed by a 180° change in indication, the 
pilot is enabled to read the wind direction from 
his magnetic compass. 

But it is possible to fly along a straight course 
between two points by allowing for the drift. If, 
after flying for a few minutes towards the sta- 
tion, the pilot finds that the magnetic compass 
angle is getting smaller, it means that the plane 
is drifting towards the right and that the wind 
is blowing from the left. Then the pilot must 
adjust his course with the aid of the R.C. 5 
radio compass. By a method of trial and error, 
the correct drift angle can be found and thus the 


airplane can be maintained on a great circle 
course towards the station. It is the course which 
gives a constant reading of the magnetic compass 
with a constant indication of the R.C. 5 radio 
compass (see Fig. 9). Thus, when the correct 
drift angle has been determined, the pilot flies 
with the magnetic compass and radio compass 
readings corrected for drift. 

It should be noted that when a pilot possessing 
an R.C. 5 radio compass leaves a transmitter 
station, he can rapidly determine his drift angle, 
since it is only necessary for him to fly on a 
certain magnetic course and to measure the angle 
at which he sees the station on the radio com- 
pass. This angle is the angle of drift with refer- 
ence to the point of departure. By this means 
the angle of drift is determined, but it must be 
remembered that the angle of correction for drift 
is not the same and can only be determined by 
applying the previously mentioned process. 
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The methods just outlined were described in 
1927 in “O’Onde Électrique,” and apparently 
they were new at that time. 

Referring to the left portion of Fig. 10 assume 
that, from the point A, the pilot wishes to main- 
tain a course 30° from the geographic north. He 
notes after a certain time that, with a 0° bearing 
of his radio compass on transmitter A, his mag- 
netic compass indicates a difference of 5°; then 
he no longer flies on a 30° course, but on a 35° 
course. This difference enables him to determine 
the approximate distance he is off his course. 
If the angular difference had been negative, the 
pilot would have known that he was on the left 
of his course. The same process can be utilised 
with station B, but in this case a positive differ- 
ence indicates a deviation to the left, and vice 
versa. 

The right portion of Fig. 10 represents a gen- 
eral case where there are no stations either at 
the point of departure or destination, but where 
there is a suitable station situated on the side. 
Formulae for determining the distance of the 


plane from this station are indicated in the 
illustration. 

Obviously, neither the pilot nor the navigator 
would have the time for applying these formulae 
on board an airplane. Simple course and distance 
calculators which can be read very quickly have 
been made. Given, on the one hand, the distance 
already traveled from T, (the product of speed 
by time) in a direction known by the pilot be- 
tween the two points Tı and Tz; and, on the 
other hand, the difference between two bearings 
taken on the stations Tı and T}, the pilot can 
determine the distance from T. Information of 
this character is, of course, highly useful and is 
readily obtainable by reference to a regular 
broadcasting station in cases where a transmitter 
is not available at the points of departure or 
arrival. If a low power station is available at the 
point of destination, it can, of course, be used 
during the latter part of the journey. 

Fig. 11 shows the calculator in question. The 
coefficients apply regardless of whether the sta- 
tions are on the left or right. 
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Fig, 13—Illustrating Application to Landing. 
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Fig 14—Experimental Installation of the R.C. 5 Radio 
Compass on a Small Airplane. 


Suppose that the plane is going in a certain 
direction and that it keeps a steady course. The 
pilot looks at the radio compass indications and, 
for example, reads 30°, at the same time noting 
the exact time. After an interval of 5 minutes at 
an air-speed of 300 km. per hour, i.e., after flying 
25 km., he reads 36°. On his ‘‘calculator’’ he finds 
the coefficient 4.78 for 36°, and a simple multi- 
plication of this coefficient by the distance he has 
just flown will give him the distance at which he 
is from the station, i.e., about 120 km. 

180° Ambiguity. The left-hand diagram in 
Fig. 10 shows the correct means of obtaining 
sense, i.e., of ascertaining whether the trans- 
mitter is ahead or astern. When flying a fair 
distance away from the transmitter the possi- 
bility of not knowing the location of the trans- 
mitter is small. However, near the transmitter, 
it might be difficult to locate the exact position 
(180° fault). 

There are two main methods of coping with 
this situation: (1) there is the intensity variation 


of the received wave, which of course increases 
or decreases according to the direction of flight 
to or from the transmitter; (2) a 90° deviation 
from the course flown, and, after a few minutes, 
again turning the radio compass to 0°. A decrease 
of the magnetic reading indicates that he is flying 
towards the station, whereas an increase points 
to the fact that he is flying away (see Fig. 12). 

The larger the difference in these magnetic 
courses, the nearer the airplane is to the trans- 
mitter. 


Applications to Landing 


The fact that, with a radio compass, the air- 
plane passes just over the station towards which 
it has been flying leads to the possibility of using 
the R.C. 5 for landing under conditions of very 
low visibility. This has been demonstrated 
by numerous tests and was accomplished by 
methods indicated in Fig. 13. 

With the radio compass the exact location of 
a transmitter can be found; thus this transmitter 
becomes a marker beacon. 

Two different examples of landing with the 
aid of the R.C. 5 radio compass are described — 
hereinafter (see Fig. 13). 

First, it should be noted that the airplane is 
fitted with a sensitive altimeter which, before the 
landing, must be adjusted to the actual atmos- 
pheric pressure of the aerodrome. This informa- 
tion is transmitted to the airplane in a normal 
radio message (QFE). With such an instrument 
the pilot knows his height within 10 metres and 
this should be sufficient in most cases, inasmuch 
as, in practice, vertical visibility does not ordi- 
narily fall below this figure. 

Second, a directional gyro is of great assistance 
to the pilot during the last stages of the ap- 
proach. 

Further, it is assumed here that A and B rep- 
resent two transmitters lying in the line of ap- 
proach to the aerodrome. B only needs to be a 
transmitter of very small power. 

It is, of course, necessary for the pilot to know 
the direction of the correct line of approach (in 
Fig. 13 this is approximately 70°). 

Example 1. When the pilot, who has been fly- 
ing towards transmitter A by means of the 
R.C. 5 radio compass, gets near A and the 
aerodrome (for instance, 10 to 20 km.), he delib- 
erately flies off this course and continues on a 
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certain compass course. As shown in the diagram, 
this course makes an angle ®, with the line of 
approach. @, can be readily computed from the 
known course bearing and the known direction 
of the line of approach. As the pilot proceeds 
along this altered course, the direction of the 
R.C. 5 continuously changes. When the R.C. 5 
indication equals the previously computed angle 
®, the pilot knows that he is in the line of 
approach. He then only has to turn his machine 
‘till the R.C. 5 reads 0° to approach the aero- 
drome in the correct direction. He will now 
automatically pass over A and the moment he 
is overhead is indicated by the R.C. 5. He 
then starts losing height and tunes his R.C. 5 on 
B, keeping the same compass course and direc- 
tional gyro indication; the R.C. 5 should still 
show 0°. In passing over B he should be low 
enough to be able to effect a landing at the aero- 
drome. This height depends on the distance of 
B from the flying field. The position of B, how- 
ever, should normally be such that, for a good 
landing, the airplane should pass over B at a 
height of approximately 30 metres. 


Example 2. If it is difficult to decide at what 
distance before A to discontinue the 0° reading 
of the R.C. 5 (as described above), the pilot 
may approach A continuously till he actually 
passes overhead. The R.C. 5 will thus give him 
a “fix.” He is not, however, flying in the correct 
direction of approach. But the R.C. 5 will again 
prove indispensable: after passing over A he 
continues on the same course, R.C. 5 again read- 
ing 0° for a certain time, for instance, 3 minutes. 
Then the pilot makes a wide turn through ap- 
proximately 180°, turning away from the aero- 
drome. He flies back on a certain compass course, 
and then the procedure is as in Example 1. 


Comparisons with Other Methods of Naviga- 
tion by Radio 


First, let us compare the radio compass with 
other direction finders used on airplanes. The 
radio compass gives automatically the indica- 
tions that, with a direction finder, can only be 
secured by a skilled operator. 

The trend is more and more towards auto- 
matic operation and, inasmuch as a direction 


Fig. 15—Seaplane Equipped with the R.C. 5 Radio Compass. 
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finder does not operate automatically, the indi- 
cations are that the radio compass will find in- 
creasing application in aerial navigation. In con- 
trast with the radio compass, the direction finder 
makes it necessary for the radio operator to take 
bearings of the transmitter and pass them on to 
the pilot in order that the latter may make the 
necessary course adjustments. Further, course 
adjustments on the part of the pilot are not made 
by direct indication, but through the medium of 
another navigating instrument, either the mag- 
netic compass or the directional gyro. 

The correction, if made with the help of the 
magnetic compass, will always be 3° or 5° behind, 
thus making the course unsteady. When opera- 
tions have to be rapid, the direction finder can- 
not be used and, for instance, cannot be used 
for landing or even for passing directly over 
marker beacons. Further, with an ordinary air- 
plane direction finder, the operator must find the 
point of minimum reception, which is difficult to 


determine on board a plane on account of the 
engine noise, while, with the radio compass, the 
noise question is quite secondary since the indi- 
cation is automatic and much more practical. 
With a radio compass the pilot navigates directly 
and, inasmuch as this instrument has less inertia 
than a magnetic compass, the course is held more 
accurately and with less effort. 


Ground Direction Finders 


If a comparison is made with ground direction 
finders, it is found that, in no case, can they 
render the same amount of service as the R.C. 5 
radio compass. This does not mean that the 
ground direction finder is useless; on the con- 
trary, it appears to the author to be of great 
assistance in checking the position of airplanes. 

A single ground direction finder cannot furnish 
sufficient indications to numerous approaching 
planes to enable them to navigate safely under 
unfavorable conditions. At important aero- 


Fig, 16—Near View of the Loop of the R.C. 5 Radio Compass on the Seaplane Shown in Fig. 15. 
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dromes, where ground direction finders are ordi- 
narily used, several planes asking for bearings 
(QDM) or for landing indications by means of 
the ZZ system, or both, during bad weather, 


quickly overload the ground direction finders and . 


all demands cannot be answered. Several months 
ago, during a heavy fog in London, several 
airplanes had to return to their home aerodromes 
as they could not land, since the ground direction 
finder could not give the necessary indications 
- to all of them. An R.C. 5 radio compass would 
have enabled them to navigate; and the utilisa- 
tion of a landing system (as for example, a radio 
beacon and marker beacon system, or the R.C. 5 
radio compass system following the principles 
above outlined) would have facilitated landing. 

Radio Beacons. If we compare the radio com- 
pass to radio beacons on a definite route and, 
in general, to all systems in which directivity is 
given from a stationary transmitter, it is easy 
to see that the R.C. 5 radio compass offers more 
possibilities and, in addition, allows military air- 
planes to approach with great secrecy. 

The radio beacon has the disadvantage of 
indicating to anybody the route leading to it, 
enemies as well as friends. Its advantage is that 
the plane is able to navigate on a well defined 
beam. But, with the radio compass, airplanes can 
also navigate easily on a beam. Simultaneous 
observation of a magnetic compass or of a direc- 
tional gyro and of the R.C. 5 radio compass 
makes it easily possible to fly on a straight, great 
circle course towards the desired destination. 

A limitation of the radio beacon is that it can 
indicate only one or two directions of navigation 
and all airplanes using it must follow the same 
route. An ordinary non-directional transmitter, 
however, constitutes a complete Hertzian beacon 
for radio compasses. An equivalent result could 
not be obtained with directional radio beacons 
without employing an infinite number. In actual 
practice there ought to be as many radio beacons 
as airways to be followed, the realization of which 
would certainly appear difficult. 

The R.C. 5 radio compass, from this point of 
view, has many advantages for military pur- 
poses. In no case can it be accepted that a mili- 
tary plane experiencing navigational difficulties 
should have to ask indications from the ground. 
Such a demand might be useful information to 
an enemy. The military plane fitted with a radio 


Fig. 17—Installation of Control Unit and Indicators of R.C. 5 
Radio Compass in the Pilot Cabin of the 
Seaplane Shown in Fig. 15. 


compass can navigate without any assistance. 
It is even impossible to find out what station it 
is using for its navigation. This station may very 
well be a broadcasting station, serving as a radio 
beacon. Also, the transmitter may be changed 
frequently. 

The radio compass can be utilised on powerful 
stations situated at a great distance, thus per- 
mitting navigation over several hundred kilo- 
metres. When desired, the pilot can abandon this 
station to pick up a weaker station, which cannot 
be heard at a few hundred km. distance, but 
which will permit the pilot to traverse the 50 or 
100 km. to the transmitter and from there to the 
airport where he must land. 


Radio Compass Installations in France and 
Other Countries 


Experiments have been made on board a small 
plane (Fig. 14) and it will be seen that, despite 
the limited size of the cabin, the radio compass 
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is not in the way. The loop assembly, the re- 
ceiver, the control unit, and indicator are shown. 

Figs. 15 and 16 show the relative size of the 
loop of the R.C. 5 radio compass compared with 
a seaplane of a Norwegian Air Line. As in Fig. 7, 
the loop is at the rear end of the fuselage and 
the whole equipment is remote-controlled from 
the pilot’s cockpit. 

Fig. 17 shows the pilot’s cockpit of the same 
plane, where the pilot’s indicator can be seen in 
the left-hand top corner of the illustration and 
the navigator’s indicator on the right. As the 
radio operator sits between the two pilots he can 
easily operate the radio compass by the control 
unit shown in the centre of the cockpit. The 
operator only has to tune the receiver, by means 
of the control unit knob, on the desired station 
and read the bearing in the navigator-indicator, 
while the pilot reads the other indicator. 


In France, both civil and military aviation 
authorities have submitted the radio compass to 
exhaustive tests and many airplanes have already 
been equipped with it. These installations are in 
daily use and have given such good results that 
additional planes will be similarly equipped in 
the near future. Installations are also being made - 
in Norway, Spain, Czechoslovakia, and several 
other countries. 

In some countries use is made of so-called radio 
compasses and considerable publicity has been 
given to such equipment. Practically all of these 
so-called radio compasses are in reality nothing 
more than “homing devices,” the characteristics 
of which have been compared herein with the 
automatic radio compass. These “homing de- 
vices” should not be confused with the automatic 
radio compass which, so far as is known, is the 
only one of its kind now in existence. 


Recent Telecommunication Developments of Interest 


Pees RECTIFIER. The accompanying 
illustration shows the new, small, high- 
voltage, low-current rectifier developed by Stand- 
ard Telephones and Cables, Limited, London, 
for use in cathode ray oscillograph and television 
equipment. 

This valve—the VLS61—is only slightly over 
five inches in height and two inches in diameter. 
In spite of its compactness, however, the design, 
which employs an internal shield over the fila- 
ment leads, permits operation at high voltage 
without danger of flashover. It will deliver 3 
milliamperes at 6,000 volts in a half-wave circuit. 

The VLS61 represents one of the numerous 


steps required to reach the ‘‘corner” around 
which television is popularly supposed to be 
located. 


UDIBILITY—5 Mies. Standard Telephones 

and Cables, Limited, London, successfully 
completed its annual job of installing and oper- 
ating the public address system at the Aldershot 
Tattoo. This installation, which is required to 
serve the hundred thousand spectators at this 
gigantic military pageant, is one of the largest 
temporary installations in the world. 

The battery of loudspeakers, driven from a 
300 watt amplifier, is easily audible at a distance 
of 5 miles. In addition to the main battery of 
loudspeakers, four portable units, comprising 
thirty-two smaller loudspeakers, were employed 
for community singing. The amplifier equipment 
employed forty-four Standard valves of eight 
different types. 

All apparatus, including the 300 watt power 
amplifier, was in duplicate. The precautions 
extended to a battery-driven motor-generator 
power supply, in case of mains failure. One of 
the emergency amplifiers was brought into use 
when lightning struck one of the regular ampli- 
fiers. The audience was unaware of the incident 
and noticed no interruption, thanks to Standard 
Telephones and Cables’ efficient operating staff 
and the carefully planned emergency provisions. 


T PUBLIC ADDRESS Units shown in the 
illustrations represent new Le Matériel 
Téléphonique, Paris, developments. They include 
a 20 watt amplifier, a dynamic microphone pre- 
amplifier, and a carbon microphone adaptation 
box. 

The 3223 amplifier will deliver 14 watts with 
5% harmonics, or 20 watts with 10%. It has a 
fixed gain of 72 db., and a remarkably flat fre- 
quency characteristic from 40 to 20,000 cycles 
with a variation of only 1 db. 

It is completely a-c. operated and portable. 
It may be used with dynamic microphones in 
conjunction with the preamplifier, or with carbon 
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button microphones, gramophone pickup, or 
programme line when used with the adaptation 
box. 

The preamplifier is designed for use with the 
3223 amplifier and, in conjunction with it, sup- 
plies an overall gain of approximately 115 db. 
The switching arrangements permit the selection 
of either of two dynamic microphones, or the 
mixing of both in the required proportions. All 
power supply is obtained from the 3223 amplifier. 


The adaptation box provides the inputs and 
the switching controls for a single or double- 
button carbon microphone, a gramophone pick- 
up, and a programme line. These separate inputs 
may be individually selected or mixed as desired. 
Space is provided for carrying a small 4.5 volt 
microphone current battery. If desired, the units 
may be interconnected so that the microphone 
battery switch simultaneously controls the mains 


supply for the 3223 amplifier. 


M~ ZS WATT. NO J223 AMPL 
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Electrical Communication in 1936 


General Trend of Development 


HE modern communication system is 
being formed increasingly by the pro- 
gressive coordination of individual 

transmission paths of various types, capable of 
manual and more and more frequently of auto- 
matic selection and control. The means utilised 
for routing electric currents over such paths, 
together with adequate pick-up and reproduction 
facilities, provide the present day public with 
services which are continually improving in 
quality and expanding in variety : telephone, tele- 
graph, facsimile, telephotography, teleprinter, 
etc. f 

In the switching field, the direction of de- 
velopment is in the provision of more complete 
automatic operation within areas of increasing 
size. The principal elements of such a problem 
are the long distance transmission of selective 
impulses, the control of the overall equivalent of 
the transmission path by means of the automatic 
insertion of repeaters with appropriate gains, and 
the recording of both the duration of the call and 
the tariff data involved. In certain cases alternate 
toll paths are automatically selected and the 
equivalent of manually prepared toll tickets con- 
taining all the pertinent information is printed 
automatically without the intervention of an 
operator. 

These problems are solved principally by as- 
sociation of mechanical means with others 
adapted specifically to the transmission problem; 
the use of voice frequency currents for impulsing 
being predominant in the very long circuits, 
whilst for circuits of limited length lower fre- 
quencies are also used successfully. The problem 
of maintaining a given overall equivalent over 
complex circuits is one which may involve also 
the use of voice frequency signals destined to 
regulate the gain at given points. 

The transmission paths themselves have been 
the object of a great deal of new thought during 
the last few years, due principally to the desire to 
obtain wider bands of communication. These 
wider bands may be made necessary by the 


increasing complexity of the characteristics of 
the signals to be transmitted or by efforts to 
obtain lower costs for. individual narrow band- 
widths separated from each other in the wide 
band system by means of appropriate sharp 
filters. 

These wide-band transmission systems neces- 
sarily use higher frequencies and involve special 
types of conductors often of larger overall size 
than those previously used. On account of the 
higher attenuation resulting from the use of 
these higher frequencies, the development of 
stable amplifiers giving high gains over wide 
bands has taken a very important place in re- 
search activities. Outstanding amongst these is 
the use of reverse feed-back amplifiers and 
possibly, in the future, the application of second- 
ary emission phenomena to amplification of weak 
currents. 

Another phase of these new developments is 
the search for means of filtering a band of 
frequencies out of the wide band system, leaving 
a minimum of lost space between two adjacent 
channels. One of the most promising methods is 
the application of structures involving quartz 
crystal elements giving very sharp cut-off even 
at the highest frequencies, and this new tech- 
niquc is likely to be of basic importance in future 
multi-channel communication systems. 

The wide-band systems of to-day may be 
found inadequate, in the future, for use in con- 
nection with more refined methods of television 
or for very large groups of telephone or facsimile 
channels, and it is natural to consider the 
possibilities of systems using ultra-high fre- 
quencies. In this case, one may conceive guides 
which may have physical transverse dimensions 
of the same order of magnitude as the wavelength 
of the currents to be transmitted. The effect of a 
tubular conductor or solid dielectric structure is 
then to canalise the wave in the interior of the 
cylinder: a technique intermediate between ultra- 
short wave radio systems, where the energy is 
directed through free space; and that of wire 
transmission, where the metallic conductor acts 
as the carrier for the currents transmitted. 
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To a certain extent developments in radio 
transmission are paralleling those in the wire 
communication field. Wide-band systems are 
being actively developed for television trans- 
mission, facsimile or multiplex telephony. They 
employ ultra-short waves as carriers and involve, 
in some cases, the use of radio repeaters. De- 
velopment is also proceeding in the hyper- 
frequency range applied to direct transmission 
without guide. 

Apart from these problems involving essen- 
tially the transmission of intelligence from one 
point to another, a new general line of develop- 
ment is opened by the increasing demand for 
positional knowledge of mobile systems in space. 

In general the problem of communication from 
ships or aircraft to ground systems has been 
solved, but further research is necessary to 
provide means of obtaining readily exact knowl- 
edge of the position of a ship or airplane. 

The problem includes the creation in space of 
characteristic zones which give the navigator the 
information required, either for travelling from 
one point to another, for landing without visi- 
bility, or for entering a harbour. Part of this 
technique involves ultra-short wave systems and 
recent automatic goniometric methods eliminat- 
ing errors due to reflected waves or other causes. 

‘Another problem, which is also part of the 
technique in process of development, is that of 
the transformation of visual phenomena into 
electric waves and back. The acoustical equiva- 
lent is already highly perfected, particularly with 
the introduction of binaural perspective and high 
fidelity systems; but the technique of trans- 
formation of visible pictures into electric waves 
is of a much more complex nature and is only in 
its infancy. Very remarkable progress has been 
made by means of scanning by an electron beam 
a suitable granular photoelectric surface, thus 
resolving the visible pictures into electric cur- 
rents. The inverse phenomena have also been 
produced with success by means of appropriate 
cathode ray tubes. Future years, however, un- 
doubtedly will see many new additions to this 
technique. 

The future of wide-band systems using very 
high frequencies is consequently of outstanding 
importance. This line of development involves 
complex phenomena due partly to the higher 
frequencies involved and also to the necessity of 


measuring carefully quantities hitherto of second- 
ary importance, such as the phase relationship of 
input and output currents in wide-band amplifiers 
for applying reverse feed-back, or the exact value 
of frequency and attenuation in a range for which 
measuring equipment so far has been very 
primitive. It would seem that much technical 
effort necessarily will be devoted to the elabora- 
tion of a measuring technique capable of coping 
with such new problems. 


Progress in Communication Systems 


Considerable activity has taken place in the 
extension and modernisation of European long 
distance systems, particularly in Great Britain. 

During the year 85 new trunk cables to a total 
length of approximately 3,000 km., involving the 
construction of 1,600 km. of duct line, were 
provided in Great Britain. This represents an 
addition of approximately 600,000 km. of single 
wire to the British Post Office trunk system. 

890 new inland trunk circuits, of over 40 km. 
in length, have been set up during the year. The 
longer routes show the larger increases, e.g., the 
number of trunks between London and Scotland 
has now reached 98, of which 55 have been 
provided since October, 1934. Between London 
and the West of England there are now 67 
circuits, 55 of which have been provided since 
October, 1934. Nine additional Continental 
trunks, of which 5 are London-Paris circuits, 
have been brought into service during the year. 
Additional circuits were also provided for special 
occasions, the Olympic Games, Berlin, requiring 
14 extra circuits, being an outstanding example. 

Several important projects were completed and 
new construction started embodying the latest 
developments in the application of carrier te- 
lephony to underground cable systems. These 
included the complete laying of the London- 
Birmingham coaxial cable (290 km.)* designed 
for carrier telephony and television transmission, 
and the commencement of the extension of this 
cable to Manchester (210 km.). Included also is 
the Bristol-Plymouth non-loaded, multi-con- 
ductor, carrier cable* (involving two cables of 
200 km. length) which has been completed 
together with the intermediate repeater and 


* Developed and installed by Standard Telephones and 
Cables Ltd., London. 
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Part of Vacuum Tube Testing Laboratory, Les Laboratoires Le Matériel Téléphonique. 


terminal equipments on a 12-channel carrier per 
pair basis for a large proportion of the available 
cable circuits. The repeaters are spaced at dis- 
tances of about 32 km. along the route and are 
designed on the negative feed-back principle. 
Several additional cable systems of the same gen- 
eral design are already planned for installation. 

The Czechoslovakian system has progressed 
according to the plans laid down in 1935, 105 km. 
of modern cable having been completed during 
the year with a further 122 km. under con- 
struction. 

The Danish long distance system has recently 
been considerably extended. In addition to the 
73 km. of cable completed, a further 221 km. is 
now under construction with additional projects 
in view for 1937. 

The Netherlands Administration completed 
and has under construction considerable exten- 
sions to their long distance system, including 
cables for carrier telephone operation. A cable 
network for telephone purposes, comprising 153 


km., was completed for the Provinciale Noord- 
Brabantsche Electricitats Maatschappij (a power 
company in Holland). 

In Italy, projects of the P. & T. Department 
are proceeding normally. An important telephone 
cable for the Salerno-Reggio Railway, comprising 
425 km. of track route, was completed. 

Norway has made considerable progress in its 


long distance system. 175 km. of cable were 


completed during the year with a further 114 km. 
under construction. Part of the supplementary 
repeater equipment involved was also completed 
and placed in service. 

Sweden has continued its usual heavy pro- 
gramme of underground cable construction. 
During the year, 516 km. of cable were installed, 
together with new and extended associated re- 
peater equipments. 

The Swiss Administration has devoted con- 
siderable attention to the problem of subscriber- 
to-subscriber dialing, and a successful demon- 
stration of an automatic, 50-cycle, toll dialing 
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Cable Terminal Equipment at Stanley, Tasmania: Australia-Tasmania Submarine Cable. 
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scheme was given during the year over a section 
of the Swiss underground network. Extensions to 
the network comprised 95 km. of cable completed 
with a further 68 km. under construction. 

The Australia~Tasmania submarine cable was 
successfully completed and put into service early 
in the year. This 180 mile cable is, incidentally, 
one of the longest submarine telephone cables in 
existence, and was designed for five telephone 
and seven duplex telegraph circuits, as well as 
for a special channel for.the transmission of radio 
broadcast programmes. In both Victoria and 
New South Wales, Australia, steps are being 
taken towards the installation of underground 
toll cable systems; also, in Australia and New 
Zealand, to extend the use of carrier systems. 

Extensions to the South African telephone 
cable network have been completed and new 
systems are contemplated. 

In Germany, considerable activity occurred in 
the application of carrier telephony and television 
to coaxial cables as well as in extensions to loaded 
cable systems employing single channel and 
3-channel carrier systems. 

In France, progress continues to be made in the 
extension of the long distance telephone system. 
Approximately 450 km. of cable were placed in 
service during the year with a further 800 km. 
under construction. 

Construction of the non-loaded cable circuit 
between Tokyo and Mukden—over 2700 km.—is 
making definite strides through the collaboration 
of Teishinsho (Japanese Telephone and Tele- 
graph Administration), Korean Communication 
Bureau, and the Manchukuo Telephone and 
Telegraph Company. The first section Antung— 
Mukden, and the second section Osaka—Nagoya, 
were open early in 1936. Cable installations over 
the Seoul-Heijo and Fusan—Fukuoka sections 
have already been completed and the terminal 
and repeater equipments will be installed by 
March, 1937. The whole route is scheduled to be 
completed early in 1938. 

All the terminals and repeater equipments for 
this project are specified to be the Nippon 
Electric Company’s standard 3-channel non- 
loaded cable carrier telephone and repeater sys- 
tem. This system, which is intended for use on 
multi-core non-loaded cable is the result of 
extensive research in Japan and embodies many 
important improvements. 


In Japan other toll communication networks 
are also becoming substantially complete through 
the active installation of inexpensive multi- 
channel carrier telephone and telegraph systems. 

At Singapore, a 65 km. underground cable 
telephone system is now under construction. 

Progress has been made by the Chinese Tele- 
phone Administration in furthering its long 
distance communication project, involving com- 
munication by wire between important points in 
a number of provinces. The installation of toll 
switchboards and repeater station equipment for 
operation over the newly constructed open-wire 
toll network was commenced at the beginning of 
1936 and the first portion is now completed. 
There are to date five such installations: Shanghai, 
Nanking, Yingkiahwei, Kiukiang and Hankow. 
Standard Telephones and Cables Limited, Lon- 
don, manufactured the toll. boards, repeater 
equipment, and the cables for river crossings. 

The cutting into service of these equipments 
permitted the inauguration of telephone com- 
munication over land lines between Shanghai and 
Hankow, a distance of approximately 650 miles. 

Plans have been prepared and the equipment 
ordered for the extension of this toll network. 
During 1937, seven or eight new toll switch- 
boards and repeater stations will be installed 
and placed in operation, thereby establishing 
long distance telephony on a large scale in China. 

There are indications that traffic over certain 
of the circuits already provided will increase in 
the very near future to such an extent as to 
necessitate the provision of additional circuits. 
The use of carrier telephony to provide these 
circuits is under serious consideration. 

The Argentine State Railway Administration 
Headquarters at Buenos Aires is now provided 
with telephone and telegraph communication 
with the State Railway lines in Northern Argen- 
tina over a 3-channel carrier telephone and 
telegraph installation linking its Buenos Aires 
offices with the important terminal and division 
offices at Santa Fé, Afiatuya, Tucumán, and 
Cruz del Eje, a route distance of over 1600 km. 
Voice frequency carrier telegraph is superimposed 
on one of the telephone channels between Buenos 
Aires, Santa Fé, and Tucuman on which Creed 
printers are used for handling messages. The 
carrier equipment was manufactured by Stand- 
ard Telephones and Cables Limited, London, and 
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was installed by the Compañía Standard Electric 
Argentina and is one of the first installations of 
its kind in the world where 3-channel carrier 
telephony with superimposed voice frequency 
carrier telegraph has been applied to train 
despatching -circuits. 


Subscribers’ Equipment 


In the field of subscribers’ sets, development 
is tending towards higher quality of transmitters 
and receivers as well as of the circuits themselves, 
with resulting elimination of noise, both extrane- 
ous and internal, in keeping with the efforts 
directed to removing noise from transmission 
systems and central office equipment. 

The use of moulded local and common battery 
sets is being extended. Of particular interest is 
the advent of the convertible set introduced by 
the Bell Telephone Manufacturing Company, 
Antwerp. It offers the advantages of easy con- 
vertibility for use as a desk or wall set, as well as 
for local or common battery (either manual or 
automatic) working. 

New and interesting developments in the 
P.A.B.X. field include an arrangement whereby 
two or three extension sets in multiple may call 
and intercommunicate with each other, ringing 
and talking current being supplied from the 
central office. 

Further improvement has taken place in 
P.A.B.X. equipment with capacities ranging 
from 3 to 3,000 lines. New facilities and improved 
methods of operation have been embodied in 
attendants’ sets and in the P.A.B.X’s. themselves. 

To enable a P.A.B.X. subscriber to rapidly 
obtain connections without the necessity of dial- 


ing, the Bell Telephone Manufacturing Com- 


pany, Antwerp, has recently developed an ‘‘Exec- 
utive Rapid Call Equipment.” Essentially it 
consists of a telephone set with a key box at the 
subscriber’s station together with an adaptor 
circuit at the P.A.B.X., calls being made to a 
limited number of subscribers on the same board 
by merely pressing the key designated for a 
particular subscriber. 

An interesting new development of Standard 
Electric, Budapest, is the so-called Home Coin 
Collector Box. It is attached to the subset and 
serves the purpose of preventing summer guests, 
boarders, or visitors from using the telephone 
without payment. 


Subscriber Set Equipped with Budapest Home Coin Collector. 


Remote Control and Signaling Systems 


The application of remote control and indi- 
cating systems is being extended rapidly. Power 
Supply Authorities for large areas, either sparsely 
or densely populated, are finding it necessary to 
create within their own areas a central control 
point for control and remote indication of the 
major substations and the smaller lower voltage 
satellite substations. Owing to the large number 
of such stations, any remote control and indi- 
cating system to be attractive, must be relatively 
inexpensive and must occupy minimum space 
in the control room. A “Line Finder” system, 
meeting these requirements, has been developed. 
It provides the greatest possible flexibility for 
extensions. 

Advances in railway signaling systems have 
continued, a notable instance in this connection 
being the Dial Train Control System which has 
been standardised by the L. & N. E. Railway of 
England. Systems have also been developed 
providing a method of indicating at some central 
point the position of a large number of track 
circuits (whether occupied or clear) over one 
common line channel. 

It is apparent that the technique of railway 
signaling is undergoing a change, the most 
obvious result of which will be the gradual 
elimination of lever control of signal frames and 
the introduction of a system whereby the opera- 
tion of the various points and signals is controlled 
from a desk provided with a track diagram. 

A similar technique is also being employed in 
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the remote control of street lighting, remote 
indication of fuse ruptures, etc., etc. 


Telegraph and Teleprinter Systems 


Growth in telegraph traffic in Great Britain 
has been met by expansion of the 18-channel 
voice frequency system. The 4-channel system 
which was introduced in 1935 between London 
and Oxford has proved satisfactory and has been 
applied to other suitable routes. 

An experimental 12-channel system was opened 
in January, 1936, between London and Paris and 
has been operated with success. 

For use on V.F. systems generally, a static 
transmitting unit consisting essentially of a high 
grade transformer and a number of dry rectifiers 
in bridge formation has been introduced and 
will eventually be fitted on all “Standard” 
systems, thereby giving greater stability and 
economy in maintenance by eliminating the 
moving contact of the transmitting telegraph 
relay. 

The use of teleprinters for handling telegraph 
traffic has now been generally adopted by Tele- 
graph Administrations, and the C.C.LT. has 
fixed the code and standards of performance 
required for machines used on International 
communication channels. Development work in 
1936, therefore, was largely directed towards 
perfecting the design and manufacture of tele- 
printer systems in order to improve their per- 
formance and reduce maintenance costs. 

A combined keyboard perforator and auto- 
matic tape transmitter* to provide Telex sub- 
scribers with a most efficient means of trans- 
mission in a convenient and compact form has 
been developed. The apparatus enables messages 
to be prepared in the form of a perforated paper 
tape before the initiation of a call. Keyboard 
operator delays are thus eliminated from the 
actual line transmission time, the messages 
being transmitted automatically at the maximum 
speed of the apparatus. 

Teleprinter exchange subscribers in Great 
Britain have increased. Following the recent 
introduction of International Telex services, 
future growth is likely to be rapid. 

A commercial Telex service was opened be- 
tween Great Britain and Holland in May, 1936, 


* Developed by Creed & Co. 


and a successful service was also maintained 
between Great Britain and the Olympic Stadium 
in Berlin during the 1936 Olympiad. 

The C.C.LT. and C.C.LF. having adopted 
1,500 p:s as the standard frequency for Inter- 
national Telex operation (on a single channel 
carrier basis), it was decided to convert the 
Inland Telex system in Great Britain from the 
frequency of 300 p:s previously used to 1,500 p:s. 

The introduction of ancillary working in the 
British Inland Telegraph Service to cope more 
efficiently with the increase in traffic following 
the reduction of telegraph rates in 1935, has 
necessitated the provision in 1936 of a further 500 
Creed teleprinters. These machines are fitted 
with answer-back units, especially developed for 
use in conjunction with the switching equipment, 
in order to dispense with the need for acknowl- 
edging telegrams as received. 

Administrations in Europe and elsewhere are 
extending the use of teleprinters. In France, an 
additional 100 Creed teleprinters have been 
supplied for the National Telegraph Service. 
The Swedish National Telegraph News Services 
will increase their facilities by the addition of a 
total of 50 teleprinters. 

Following the introduction in 1935 of the 
Johannesburg stock exchange service, which 
employs Creed teleprinters, a similar service was 
inaugurated in Sydney, Australia, in March, 
1936, and similar services will be opened soon in 
Melbourne and Adelaide. 

A teleprinter broadcast system has been de- 
veloped for use in Great Britain to diffuse 
information on a full or partial broadcast basis; 
also a system for use in conjunction with standard 
P.B.X’s. and apparatus on the ordinary tele- 
phone extension. In the latter case, when the 
lines are not required for broadcasting, the 
normal telephone and Telex facilities are avail- 
able but, on operating the broadcast keys, the 
lines are transferred from the P.B.X. to the 
broadcasting equipment. 


Radio Broadcasting 


Attention continues to be focussed on im- 
proving the power efficiency of broadcasting 
transmitters. The use of high power modulation 
has been still further developed and it is now 
possible to obtain high efficiency, high fidelity, 
class “B” push-pull modulators incorporating 
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“Black” feedback for carrier powers up to 100 
kW. Another method of attacking the problem, 
put forward by the Bell Telephone Laboratories, 
is applicable to low power modulation systems 
and involves a power amplifier stage of two 
valves, one valve being connected directly to the 
output circuit and one through an impedance 
inverting network and operative only on the 
peaks of modulation. In a third line of develop- 
ment, all valves are driven at constant amplitude 
and high efficiency, the modulation being effected 
by combining the output of two amplifier sys- 
tems with phase-modulated drives. 

European broadcasting has exhibited a con- 
tinuation of the tendency to operate all stations 
at high power, particularly in those cases where 
the station has sole use of a wavelength. An 
aerial power of 100 kW. is now common. 

In Czechoslovakia, arrangements are being 
made for the installation of a new 100-kW. 
station and the replacement of a low power by a 
100-kW. station which can be extended to 200 
kW. Another 100-kW. station is contemplated. 

Sweden is installing a new 100-kW. station and 
is contemplating further stations of similar size. 
In addition the network of low power relay 
stations in that country and in Norway is being 
extended to take care of the peculiar geographic 
problems encountered. 

The advantages of the high mast radiator are 
being increasingly recognised and practically all 
new high power stations in Europe will be 
equipped with some radiator of this type. 

A 910-foot Blaw-Knox radiator is being in- 
stalled at Liblice, Czechoslovakia. It will be the 
second tallest mast in the world, the tallest 
being at Budapest. The new 100-kW. Czecho- 
slovakian station will also have a vertical radiator 
of this type. The British Broadcasting Corpo- 
ration now has two examples of such radiators, 
one in Northern Ireland and one at the new 
Scottish station at Burghead. 

In connection with these mast radiators, the 
“shunt excitation” system introduced by the 
Bell Telephone Laboratories is of special interest. 
While it has hitherto been considered necessary 
to insulate mast aerials so as to apply the 
excitation in series with the mast, under this new 
scheme the mast is connected to ground and the 
power is applied through a short single wire 
transmission line to a point on the mast at some 


height above ground of the order of one-tenth 
wavelength. This system considerably simplifies 
the provision of aircraft warning lights, now 
generally required on all high structures. Obvi- 
ously, it may have appreciable economic reactions 
on the mechanical design and cost of the struc- 
ture for a given height. 

The British Broadcasting Corporation has 
continued the development of its scheme of 
distribution, and during the past year has put 
into service a number of high power stations to 
replace earlier and low powered stations. In 
addition to these developments in the B.B.C. 
“Home” service, a rapid expansion of the Empire 
service is taking place with the object of im- 
proving the strength and reliability of receptions 
from Daventry. 

A new transmitter building has been erected at 
Daventry to house four high power short wave 
transmitters. Eight additional masts are being 
erected to support new aerial arrays, which have 
been designed as an outcome of experiments 
carried out since the Empire station at Daventry 
was placed in service in 1932. 

Common wavelength frequency control equip- 
ment is being introduced on eight of the B.B.C. 
transmitters, and other European countries are 
studying this system as a means of solving the 
problem of wavelength congestion. 

In Australia, the regional transmitters, in- 
stalled by Standard Telephones and Cables Ltd. 
in the past year, are now coming into use and it 
is anticipated that further expansion of the 
service will be made to meet the public demand. 

New Zealand is also increasing the power of 
its stations. 

The Government of India have indicated their 
intention of proceeding with an extensive net- 
work of broadcasting stations, both medium and 
short wave. 

It is understood that the two 150-kW. broad- 
casters for Tokyo station JOAK, the manufacture 
of which is reported to be almost complete, will 
be placed in operation in the Spring of 1937. 

In connection with the regular international 
broadcasts by the Japan Broadcasting Associa- 
tion, the Japanese International Telephone Com- 
pany ordered a new high power short wave 
transmitter and speech input equipment. The 50- 
kW. transmitter utilises low power modulation 
and is under test in the Nippon Electric Com- 
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pany’s factory. It will shortly be installed in the 
Nazaki Station of the Japanese International 
Telephone Company. 

The installation at Canton, southern China, 
of a 50-kW. broadcast station to replace the 
existing 1-kW. station is proceeding. It is antici- 
pated that the new equipment will be ready for 
cutting into service early in 1937. 

It is of interest to note that increasing use is 
being made of extremely short wave links for 
communication between broadcast networks and 
outside broadcast points which cannot normally 
be connected by wire. 


Commercial Radio 


Outstanding international radio telephone 
services inaugurated in 1936 include: Paris- 
New York; Tokyo-Shanghai; Tokyo—Cape Town 
(via London); and Tokyo—Rio de Janeiro (via 
Berlin). A similar service between Japan and 
French Indo-China also was started and negoti- 
ations are in process for a link between Tokyo 
and Bangkok. 

Chinese authorities have been carrying out 
tests with England and America for the purpose 
of establishing radio telephone communication in 
the near future. 

During 1936 short wave radio telephone links 
were established between Shanghai and Hankow, 
and between Shanghai and Canton. Facilities are 
provided for connecting the equipment at the 
terminals to the local telephone systems. 

In the delta of the southern rivers in Kwang- 
tung Province, China, a number of ultra-short 
wave equipments are being provided for tele- 
phone communication between various cities. 
The circuits radiate from Canton. Western Elec- 
tric equipment is employed. 

A radio telephone service between Great 
Britain and Kenya, East Africa, was inaugurated 
in March. Through submarine telephone cables 
Ceylon and Tasmania have been included in the 
international radio telephone network via India 
and Australia, respectively. 

C. Lorenz-A.G., Berlin, provided an instal- 
lation of four short wave transmitters for the 
Olympic Games in Berlin. These transmitters 
were the results of extensive development work 
and had to meet the following requirements: 
40 kW. output in telephony; highest stability of 
frequency; percentage modulation 80%; and 


quick changeability of wavelength. These trans- 
mitters form the focal point of the directional 
antenna system which directs programmes to- 
wards North, Central, and South America, 
Africa, and South and East Asia. 

A considerable amount of experimental work 
on ultra-short waves continues to be carried out 
in all parts of the world. Evidence has been 
brought forward to show that on wavelengths 
below 250 cm. variations in atmospheric refrac- 
tion or reflection (or both) from temperature 
inversion layers in the lower atmosphere may be 
definite factors in producing fading. Contrary to 
expectation, there also are indications that wave- 
lengths between 5 and 10 metres may have a 
range of several thousand miles. In any case, 
equipments working in this band cannot always 
be considered as providing only a local field and 
the question of interference with remote stations 
may require attention. 

Beginning with the latter half of the year, a 9- 
channel ultra-short wave link between Stranraer 
(Scotland) and Portpatrick (Ireland) has been 
operating on an experimental basis and is ex- 
pected to be cut into regular service early in 
1937. This link, which was ordered by the British 
Post Office to form part of its regular telephone 
network, will be the first single carrier, multi- 
channel radio link to be placed in commercial 
service. 

An interesting radio telephone link is that to 
the island of Guernsey. This link employs 250- 
watt transmitters each handling two channels. 
The distance covered is 85 miles, approximately 
1.7 times the optical range. Wavelengths of 5, 54, 
8, and 83 metres are used. 

Since the end of 1935, Teishinsho has been 
experimenting on the trial ultra-short wave tele- 
phone circuit over Tsugaru Strait (Aomori-— 
Hakodate, 100 km.) with satisfactory results, 
using trial equipments. Recently an order has 
been issued for two transmitters with an output 
of about 50 watts and two receivers designed to 
provide six channels on one carrier utilising al- 
ternative wavelengths of 4 and 6 metres. The 
equipment is now under construction by the 
Nippon Electric Company. 

A further application of ultra-short wave work- 
ing is found in the Radio Corporation of Amer- 
ica’s experimental link set up between New York 
and Philadelphia. This link is intended to carry 
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Stranraer (Scotland) and Portpatrick (Ireland) 9-Channel Ulira-~Short Wave Radio Telephone Link— 7 
Transmitters and Channel Modulators. 


facsimile channels and uses 75-watt transmitters. 
The distance between the terminals of 91 miles is 
covered not in one step but with the introduction 
of two relay stations. The system operates on 
wavelengths of about 3 metres. 

During 1936 an ultra-high frequency radio 
system was developed, installed, and placed in 
successful operation by the Mackay Radio and 
Telegraph Company between its New York 
central operating department and its main radio 
telegraph transmitting station at Brentwood, 
Long Island, for the remote control of radio 
transmitters by the central operating depart- 
ment, involving the use of a carrier frequency of 
about 34 metres and power of 80 watts, carrying 
six tone channels which it is intended to increase 
to eight in the future. Transmitters and receivers 
with semi-automatic switching facilities are in- 
stalled in duplicate to ensure continuity of 
service. The distance from transmitter to re- 
ceiver is 41 miles. 

A number of new inventions and develop- 
ments were made during the year on high fre- 
quency antenna systems, resulting in new types 
of radiation arrangements and tending towards 


greater efficiency with lower capital costs. The 
resulting improvements were incorporated in the 
new antenna structures recently built by Mackay 
Radio. 

Increasing interest is being shown in the use of 
ultra-short wave radio equipment for police use. 
The United Telephone and Telegraph Works, 
Ltd., Vienna, in conjunction with the Austrian 
police authorities successfully demonstrated such 
a system to representatives of many European 
police organisations. 


Patent Suit 


On October 14, 1936 the United States District 
Court, Eastern District of New York, handed 
down an opinion in a suit brought against the 


“Mackay Radio and Telegraph Company for 


alleged infringement of five patents relating to 
directive antennas. The Court held that the 
antenna structures erected by Mackay Radio did 
not infringe any of the claims of the patents and 
that, furthermore, the antennas used by Mackay 
Radio were actually more efficient than could be 
constructed under the patents in the suit. 
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Television 


The British Broadcasting Corporation are 
conducting commercial television transmissions 
on two systems: the E.M.I. (Marconi-H.M.V. 
group), and the Baird. Both these systems are 
installed at the B.B.C. television studios in 
Alexandra Palace and are employed alternately. 
The subjects televised include open-air shots, 
studio programmes, and films. 

Some six of the larger British manufacturers 
are offering television receivers which range in 
price from about £85 to £120 and function on 
either of the two transmission systems employed 
by the B.B.C. 

The French P.T.T. are transmitting one hour 
per day on an experimental basis. Direct pick-up 
transmissions are made from a studio at Rue de 
Grenelle. In the recent Paris Exhibition five 
television transmitters were shown in operation 
together with a large number of receivers. 

French experimental telecinema emissions, 
using the same transmitter, will start early in 
1937. 

Les Laboratoires L.M.T. completed their 
second television system (the first was shown 
September, 1935). In cooperation with Le Ma- 
tériel Téléphonique, this system was demon- 
strated at the Radio Exhibition. Motion picture 
films only were employed as programme sources. 

The most recent demonstration of television 
in Italy was at Milan in April, 1936. The 
equipment employed electronic scanning for 
transmission and cathode ray tubes for reception. 
` Research in Italy is being carried on in all 
details of transmission and reception, including 
the development of a suitable television trans- 
mitter to cover a service radius of 30 km. on a 
wavelength between 5 and 7 metres. For cine- 
films, 240 lines, 25 images per second were used. 
For daylight pick-up, 120 lines were employed. 
The receiver for combined vision and sound re- 
production employed 13 valves. 

The number of exhibits at the Berlin Radio 
Exhibition in 1936 indicated that development 
work on television is very active in Germany. 
The television transmitter at Witzleben, which 
is transmitting programmes two hours daily, 
is connected by means of coaxial cables to the 
Berlin television studios, to the site of the Olym- 
pic Games, and also to Nurnberg and Leipzig. 


In the United States of America, the Radio 
Corporation of America have installed a tele- 
vision transmitter in the Empire State Building 
in New York City, connected by coaxial cable 
to the National Broadcasting Company’s studios 
in the R.C.A. Building about a mile away. 
Experimental programmes are being broadcast 
from these studios. 

Other American companies also are active in 
the field of television. The Bell System has in- 
stalled an experimental coaxial cable system be- 
tween New York and Philadelphia which will be 
available for television experiments. 


Picture Transmission 


Teishinsho, since 1935, had been experimenting 
with picture transmission over the 2,300 km. 
radio link between Tokyo and Taihoku, Formosa, 
employing Nippon Electric equipment. En- 


couraged by the results of the above transmis- 
sion, Teishinsho, the Allied News, and Nippon 
Electric jointly undertook the first Europe—Asia 
radio picture transmission, taking the oppor- 
tunity of the Eleventh Olympic Games held in 
Berlin in August. By arrangement with the 


Nippon Electric Portable Picture Transmitter—Width, 402 
mm.; Depth, 280 mm.; Height, 191 mm. 
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German Reichspost, Nippon Electric sent Japa- 
nese engineers and a complete set of No. 19-B 
radio picture transmission equipment to Berlin. 
This equipment is the newest model in which 
switching-over between time modulation and 
amplitude modulation can easily be performed 
as desired according to the conditions of the 
radio circuit. 

The first part of the experiments was con- 
ducted with Nippon Electric’s receiver in Tokyo 
and Siemens and Halske’s transmitter in Berlin 
over the period from July 1st to August 17th. 
Time modulation system with a dot frequency of 
170 cycles was employed for this experiment, and 
picture transmission was performed over a carrier 
circuit of 14,665 kc. between Nauen DFD Trans- 
mitting Station and Komuro Receiving Station, 
Japanese International Telephone Company, 
where two beam antennas for space diversity 
reception were used. Slight changes in the scan- 
ning density and speed of rotation were made 
in Tokyo in order that interworking between 
the Siemens and Nippon systems might be satis- 
factorily accomplished. The control operation 
from Tokyo was performed over a 15,750 ke. 
circuit. Pictures of the Olympic Games were 
printed in the Tokyo morning papers of the 
next day. 

In the second part of the experiments, made 
during the three weeks that followed the Olympic 
Games, Nippon Electric equipments were used 
in Berlin and Tokyo and transmission was 
conducted in both directions. In this case both 
time modulation and amplitude modulation sys- 
tems were employed with success. For the former 
system, an optical time modulation set employ- 
ing a photo-cell was provided in the transmitter, 
and a special neon tube limiter was used for 
reception, while in the amplitude modulation 
the picture transmitter was coupled directly 
with the radio transmitter and a special device 
was fitted on the receiving side in order to 
minimise fading. High hopes are now entertained 
of the future of commercial picture transmission 
over radio links between Japan and Germany. 

The transmitter was then moved to London, 
and the London-Tokyo trial transmission was 
started on November 17th with the collaboration 
of the British Post Office. 
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Picture Transmitted September 12, 1936, by Nippon Electric 


System from Berlin~Nauen DFD to Komuro-Tokyo. Re- 

ceived with Audio Automatic Volume Control using 2-Beam 

Antennas for Space Diversity Reception (Amplitude 
Modulation). 


Marine and Aviation Radio 


Marine. The unqualified success of the radio 
equipment* on the R.M.S. Queen Mary has been 
an outstanding event of 1936. It was only fitting 
that such a ship should be provided with an 
installation capable of meeting the demands of 
what promised to be a very remarkable maiden 
voyage. This promise was more than fulfilled; on 
this single voyage a radio telegraph traffic of over 
275,000 paid words, 291 radio telephone calls to 
all parts of the world, and 40 separate broadcast 
programmes, made a record highly gratifying 
both to the equipment designers, the operating 
staff, and the Cunard White Star Line. 


* “The Radio Installation on the Cunard White Star, 
R.M.S. Queen Mary,” by H. Thorpe-Woods, H. H. 
Buttner, and E. N. Wendell, Electrical Communication, 
July, 1936. - 
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This equipment includes a 3-kW. medium wave 
and a 3-kW. long wave transmitter together with 
two 400-watt short wave transmitters, all re- 
motely controlled from the receiving room with 
respect to power, keying, and selection of spot 
wavelengths. The receiving room includes facili- 
ties for reception on 8 different channels simul- 
taneously. 

A new system of duplex transmission, which 
enables two messages to be sent simultaneously 
from one radio transmitter, has been tested from 
the Portishead Radio Station. The messages are 
transmitted on two neighbouring frequencies, 
separated by approximately 10 kc, by the use of a 
high speed thermionic switching device. The tests 
show that the system is workable and that satis- 
factory reception of either of the two messages is 
possible by the usual type of ship’s receiver. 

In April, 1936 Teishinsho installed a Nippon 
Electric short wave radio telephone equipment on 
the N.Y.K. liner S. S. Chichibu-Maru, and the 
first ship-to-shore service on the Pacific was 
opened to the public on August 8th with very 
satisfactory results. The equipment comprises a 
2-kW short wave, crystal controlled transmitter, 
a 19-valve superheterodyne receiver (both oper- 
ating on the frequency range of 4-20 megacycles) 
and a special 4-wire system telephone repeater 
which is provided with a CODAN apparatus. 
Beginning in November, the service was extended 
to include Canada, the United States, Cuba, and 
Mexico. 

Teishinsho are now considering equipments 
for the S. S. Yasukuni-Maru, a more up-to-date 
N.Y.K. European service vessel, and the S. S. 
Asahi-Maru, a Tokyo—Formosan liner. The 
former vessel is tentatively scheduled to take the 
Imperial Party to England for the Coronation 
Ceremonies. 

The Mackay Radio and Telegraph Company, 
in the field of ship equipment through the Labora- 
tories of Federal Telegraph Company, has de- 
veloped an automatic alarm receiver, also im- 
proved and simplified ship transmitters of low 
power primarily for emergency and life boat use, 
to meet the requirements of the Safety of Life at 
Sea Convention recently ratified by the United 
States Government. 

Aviation. During recent years the increase in 
aircraft traffic has necessitated the use of more 
wavelengths and as many as six are employed for 
general aircraft navigation in Europe. The use of 


these six wavelengths has naturally complicated 
the radio equipment. In addition short waves are 
employed for long distance routes, particularly in 
the tropics for communication with ground sta- 
tions and between planes. 

This increase of traffic has also necessitated the 
use of more than one airport at important ter- 
minals. At London, for instance, traffic is now 
brought in by the Croydon radio control to the 
Croydon controlled zone, and then handed over 
by radio to the Croydon, Heston, and Gatwick 
controlled zones for landing. Besides the instan- 
taneous wavechange facilities for transmitters 
and receivers, this system has also necessitated 
the fitting of each of these airports with Lorenz 
blind approach equipment and the equipping of 
aircraft approaching Croydon with three-wave- 
length ultra-short wave receivers. 

In order that navigators may be able to find 
their positions immediately most Aviation Oper- 
ating Companies are now fitting direction finding 
apparatus on the aircraft, thus making direction 
finding work independent of the airports and 
enabling the latter to deal with more traffic. 

Since the introduction of direction finding ap- 
paratus on aircraft, and the allocation of yet 
another wavelength for broadcasting weather 
reports, there is a tendency to use more than one 
receiver. The pilot thus may receive weather 
reports independently of the normal communica- 
tion channel. Each of these receivers, if necessary, 
acts as a spare for the other in case of emergency. 

The extension of the Imperial Airways services 
through the British Empire has involved the 
provision of many new ground stations for direc- 
tion finding and for communication purposes 
along the various routes. Particular attention 
must be paid to the importance of radio on the 
Pan-American Airways’ transpacific route, which 
involves “hops” of between 1,200 miles and 2,400 
miles. On this route the position of the machine is 
determined every half hour by means of ground 
direction finding stations operating on the Ad- 
cock basis. Owing to the length of the “hops,” it 
has been necessary habitually to take bearings at 
distances far beyond those hitherto considered 
reasonable. 

The success of the Lorenz blind approach sys- 
tem is demonstrated by the fact that equipments 
have been, or are being, installed in a number of 
important airports throughout the world. 

An extensive ground station network involving 
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Norway, Sweden, and Finland is in course of 
installation. In addition to normal communica- 
tion facilities, Adcock direction finding and blind 
approach systems will be included. In South 
Africa a network of ground stations, including 
Adcock direction finders, has been completed. 

The Air France route to South America is now 
being completely equipped with Adcock direction 
finding stations. 

At the International Aviation Show held in 
Paris in November, the French Air Ministry 
exhibit gave prominence to the R.C. 5 Radio 
Compass,* a model of which was displayed. In 
addition a small scale model showing the installa- 
tion of an R.C. 6 Ground Direction Finder was 
on. view. The fighter aircraft set of Standard 
Telephones and Cables Ltd., London, also at- 
tracted a good deal of interest since it was the 
only electrically remote-controlled set exhibited. 


Rotary and Automatic Ticketing 


The conversion of the Paris telephone network 
from manual to automatic, started in 1928, is 
now virtually complete, the whole of the Paris 
city area being on a full automatic basis with the 
exception of one office (8,000 lines to be cut over 
in 1937). There are 37 offices equipped for 
330,000 lines. 

The Paris suburban area comprises seventeen 
offices (equipped for 63,900 lines) either in 
service, under construction, or in process of 
installation. In the city area 25 offices (214,000 
lines) and in the suburban area 10 offices (39,600 
lines) were supplied by Le Matériel Téléphonique. 

The Paris automatic telephone network will be 
extended to include the Paris regional area, 
designated “Zone No. 1,” which takes in all places 
situated within a radius of 25-30 km. from Paris. 

History was made on December 7, 1936 when 
the first installation for the automatic ticketing 
of toll calls was put into commercial operation 
by the Belgian Government. As its name implies, 
the system produces automatically a ticket on 
which is recorded the number of the calling 
party, the number of the called party, together 
with the town prefix, the rate, the duration of 
the conversation in minutes, the time, and the 
date. 

* The Automatic Radio Compass and Its Applications 


to Aerial Navigation,” by H. Busignies, Electrical Com- 
munication, October, 1936. 
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First Ticket Charged by the Belgian Administration with the 

Aid of the New Automatic Toll Printing Register. The 

Corrections are Due to the Fact that the Ticket was Printed 

while the Equipment was still under Test and the Machines 
were not all set to the Correct Date and Hour. 


The system has been designed as an integral 
part of the rotary automatic system and may be 
easily applied to existing rotary type exchanges 
which were installed long before automatic 
ticketing was thought to be commercially prac- 
ticable. In fact, this first installation was added 
to the Rotary 7-D Exchange in Bruges and to 
similar exchanges along the Belgian coast where 
a multitude of visitors from all over Europe 
congregate during the summer season. Because 
of this great influx of visitors, the seasonal varia- 
tion in traffic is very great. With automatic 
toll ticketing, variations in regional traffic make 
little difference since there is no manual operating 
force to adjust to meet the changing traffic con- 
ditions. The success of this first installation 
resulted in the Belgian Administration placing 
orders for the extension of the system in the 
Bruges area. 

Automatic toll ticketing may be applied to 
various purposes and in whole or in part. For 
example, it may be used generally in connection 
with suburban services to avoid the making out 
of a multitude of tickets for low-priced calls. On 
the other hand, it may be applied to a limited 
extent in connection with international or long 
distance calls, in which event it is not necessary 
to utilise identification equipment or make the 
recording equipment available to more than a 
few groups of important subscribers desiring in- 
ternational or long haul toll service on a full 
automatic basis. Examples of such subscribers 
are banks, exchanges, and important commercial 
houses having frequent occasion to telephone, 
say, from Brussels to Paris. 

The development of automatic ticketing is the 
joint effort of the laboratories of the Bell Tele- 
phone Manufacturing Company, Antwerp, and 
Les Laboratoires L.M.T., Paris. 

The rotary automatic system is now installed 
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in 815 exchanges in 39 countries and the total 
lines installed or on order at the end of 1936 
exceeded 1,960,000. 

During 1936 six digit dialing was introduced in 
the Budapest automatic telephone area. 


National Dialing 


A field trial of the rotary automatic toll system 
was carried out in Switzerland between the 
towns of Faido and Zurich. The cable circuit was 
built up by loops to total approximately 800 km., 
and equipment was put into service to represent 
an originating and terminating toll exchange 
with two intermediate tandem exchanges. In- 
cluded were six standard two-wire repeaters with 
two of these repeaters connected automatically 
at the tandem points. For dialing, the new low 
voltage 50-cycle signaling system was used.* 

The field trial was in every way satisfactory 
and equipment for a new full automatic toll ex- 
change in Zurich was ordered by the Administra- 
tion. Expressed in number of toll lines, switching 
and signaling equipment is foreseen for a total 
of 880 toll lines with the possibility of growing to 
three times this number. 

The rotary automatic toll system was also 
demonstrated in Haarlem, Holland, in which 
country national dialing is also moving ahead. 


Step-By-Step 


The increase in the number of new subscribers 
of the British Post Office in 1936 was 416,000 
as compared with 350,000 in 1935; the net in- 
crease was 230,000 in 1936 as compared with 
180,000 in 1935. 

The automatisation of exchange plant in Great 
Britain has been greatly accelerated. The number 
of automatic exchanges opened during the twelve 
months ending September, 1935, totaled 258, 
including 51 major exchanges. This figure is 
exactly twice that for the previous twelve 
months. For rural areas three sizes of unit auto- 
matic exchanges have been standardised, namely, 
100-, 200-, and 800-line exchange types. All these 
types’ incorporate the new Post Office relay, 
and the two larger sizes also include the new 
Post Office standard 2-motion selector. 


* “A Field Trial of 50 Cycle Signaling on Toll Lines,” 
by W. Hatton, Electrical Communication, October, 1936. 


To improve the quality of the various tone 
signals in automatic exchanges and to obtain a 
greater measure of uniformity in these tones, an 
inductor tone machine has been developed to 
replace the tone drums hitherto used. 

Equipment installed experimentally in the 
Folkestone automatic area to replace the “num- 
ber engaged”’ tone by an aural announcement of 
the word “engaged” has had the effect of reducing 
from 11 seconds to 6.5 seconds the period the 
switches are held by the subscriber after the 
application of the engaged signal. The extension 
of this facility to trunk and toll calls is now under 
consideration. 

Automatic traffic recorders, which record auto- 
matically the amount of traffic handled by a 
group of automatic switches, have been de- 
veloped, and are now being installed at all except 
the smallest type of automatic exchange. This 
will enable a closer watch to be kept on the 
growth of traffic, and thus ensure adequate pro- 
vision of switching plant at all times. 

A speaking clock was made available to Lon- 
don subscribers in July, 1936. Subscribers on 
manual exchanges by asking the operator for 
“time” and subscribers on automatic exchanges 
by dialing “TIM,” are connected to the clock and 
hear the time announced accurately to within 
1/10th second. Calls are now ten times the num- 
ber made previously, and in view of the evident 
utility of the service its extension to other areas 
is under consideration. 

Installation of automatic telephone exchanges 
in Japan is making continuous progress. During 
the year fourteen step-by-step exchanges, with a 
total capacity of 53,200 lines, were opened by 
Teishinsho. 

Increase in private branch exchange installa- 
tions in Japan during 1936 is estimated to be at 
least 30,000 lines. 

An important addition has been made to the 
Buenos Aires terminal communication network 
of the Buenos Aires Great Southern and Buenos 
Aires Western Railways, now working under 
joint management. This addition consists of three 
exchanges of 250, 150, and 80 lines, respectively, 
which interwork with the existing 300-line 7-B 
Rotary automatic exchange at the Plaza Consti- 
tucion office. The entire network of 780 lines is 
one of the largest privately owned automatic 
P.B.X. systems in South America. 
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International Telephone and Telegraph 
Corporation Operating Companies 


Based on preliminary results for the year 1936, 
eight of the subsidiary Operating Companies of 
the I. T. & T. show station gain greater than in 
the corresponding period of 1935. The 1935 sta- 
tion gain figures, incidentally, were exceeded only 
by those of 1929 and 1930. In 1935 the gain was 
58,000 telephones, while in 1936 it was slightly 
over 72,000 telephones. (The 1936 gain includes 
only the first six months’ results of the Spanish 
Telephone Company, as they are the latest data 
available.) Every major company showed a 
substantial gain for the year, with the com- 
panies in Argentine, Rumania, Chile, Shang- 
hai, Cuba, Mexico, Porto Rico, and Peru con- 
tributing most heavily. The toll traffic handled 
by these companies was the best in their history 
and estimates are that (exclusive of the Spanish 
Telephone Company) the results for 1936 will 
surpass those for 1935 by 12.3%. 

In all these companies, plant extensions were 
carried out during 1936 to meet the increased 
demand for service. Important new toll lines 
were constructed and the capacity of existing 
lines in several territories was increased by the 
application of carrier systems. 

A line constructed from Antofagasta, Chile, to 
Iquique connected the telephone system of the 
latter for the first time to the national Chilean 
network, and thus to the international network. 

In September, 1936 the City of Lima, Peru, 
joined the ranks of cities which have an entirely 
automatic telephone system. As a result of fur- 
ther additions to automatic equipment during 


the year, every provincial capital city of Cuba is’ 


now on a full automatic basis. Four new dial 
central offices were added to the United River 
Plate system in Argentina and various magneto 
offices in the outlying sections of the country 
were converted to common battery working. An 
important dial installation took place in Porto 
Alegre, southern Brazil, and further progress was 
made with the automatic programme in Chile 
and Rumania. 

Three important radio telephone extensions 
during 1936 involved these International sub- 
sidiary companies. The inauguration of service 
between the United States and Porto Rico in 
February, 1936, is of special interest because of 


the large trade with Porto Rico and the rapidly 
growing tourist interest in: this“Island. Radio 
service also was opened between Porto Rico and 
Santo Domingo; also between Lima, Peru and 
Antofagasta, Chile. 


Power Line Carrier 


About twenty terminal equipments for power 
line carrier telephone systems have been sup- 
plied by the Nippon Electric Company during 
the year to several power companies. The systems 
employ different frequencies for opposite direc- 
tions of traffic and the carrier frequencies are not 
suppressed. In addition to the stability of per- 
formance achieved by an automatic volume con- 
trol, much higher quality of transmission has 
been obtained by the use of greatly improved 
filters. 


Power Transmission 


In the field of underground power cable, the 
greatest interest is directed to transmission at the 
highest voltages. To this end there have been put 
forward in the past few years various designs 
which permit a more economical utilisation of 
material at the expense of a more severe stressing 
of its electrical properties. This is rendered 
feasible by the ensured maintenance of a mini- 
mum fluid pressure on the impregnated paper 
dielectric. The sheath thus becomes involved in 
a new function while the simplicity of the normal 
type of solid core cable is sacrificed. 

At the higher voltages the employment of these 
pressure devices has hitherto been considered 
essential, but the upper limit to the economical 
employment of solid type cable promises to be 
raised by the development of internally compen- 
sated intersheath cables in which the maximum 
electrical stresses are reduced by the configura- 
tion adopted in the design. 

In high voltage cables, progress has been made 
in achieving a greater compactness of the active 
dielectric by the selection of more suitable ma- 
terials and by improved paper-lapping methods, 
by the elimination of adulterants such as oxida- 
tion and acid products as well as moisture, 
and by the reduction of the gaseous content 
of the cable through improved impregnation 
methods. 
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Radio Direction Finding Laboratory, Les Laboratoires Le Matériel Téléphonique. 


The application of fluid pressure to cables has 
called attention to the need in special cases for 
barricr joints for preventing the migration of 
compound or limiting the pressures set up within 
the cable. The development of the ‘Styrene 
Joint” offers many advantages, both electrical 
and dimensional, over the more conventional 
type of stop-joint. 

A “dry core” type of power cable working at 
high gas pressure has been proposed. This type 
of cable would to some extent. bridge the gap 
between telephone and power cable practice and 
might find application in both fields. 


Bells 60th Anniversary in Japan 


Early in June, 1936, the Japanese Institute of 
Telephone and Telegraph Engineers, allied with 
Teishinsho, held a convention and exhibition at 
the Mitsukoshi Department Store in Tokyo to 
celebrate the 60th Anniversary of Alexander 
Graham Bell’s invention of the telephone. During 
the course of the exhibition Mr. T. Kajii, Di- 
rector General of Teishinsho, gave a popular 
lecture on the history of Japan’s communication 
systems. In addition, Teishinsho and many of the 
communication manufacturing companies sup- 
plied equipments for public demonstration. 


Ultra-Short Wave Radio Landing Beam 
The C. Lorenz-A.G. Radio Beacon Guide Beam System 


By R. ELSNER AND E. KRAMAR, 
C. Lorenz-A.G., Berlin-Tempelhof, Germany 


ITH modern methods of aerial naviga- 

\ Ñ / tion and growing air traffic density, 

electrical landing facilities are of con- 
stantly increasing importance. Under unfavor- 
able weather conditions they are indispensable 
to successful aircraft operation. 

Preliminary to a description of the essential 
advantages of the C. Lorenz-A.G. ultra-short 
wave system, it may be stated that basically, it 
provides radio telegraph reception indicating the 
approach path to the airport and, similarly, two 
distance markers governing the landing process. 
When developing the system, the guiding princi- 
ple was to employ radio only for such purposes 
as could not be accomplished by other means, 
and at the same time provide a receiver which 


would be electrically independent of that used 
for communication purposes, thus reducing the 
manipulation on board to a minimum. In view 
of these considerations and with due regard to 
factors such as interference from landing beacons 
of neighboring airports, the operating frequency 
had to be chosen. Because of their definitely 
determined operating ranges, only frequencies 
over 30 megacycles could be considered, both 
for the radio beacon itself and for the marker 
beacons. 

The direction of approach in the C. Lorenz- 
A.G. system is based on the beacon principle, 
giving side or boundary indication of the landing 
path; and, also, at two points along this path, 
signals serving as distance markers, and indicat- 
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Fig. 1—Guide Beam Landing Radio Beacon—Lorenz System. 
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ing to the pilot the distance of the machine from 
the landing field (Fig. 1). 

Ultra-short waves, with their lines of constant 
field strength, may be utilized under specific 
circumstances in vertical navigation as electrical 
landing curves; but they have not been thus 
applied in Germany during the last part of the 
landing process despite the fact that experiments 
have indicated their practicability under certain 
conditions. Difficulties in their application lie 
mainly in the fact that the course of their curve 
does not correspond to the natural glide path. 
These difficulties have been overcome with the 
help of clockwork regulating instruments which 
reshape the normal indication obtained by means 
of the beam into a straight glide path. The 
experimentally tested glide path (Gleitweg) 
process, with due regard to certain attendant 
circumstances, can be utilized as, for example, 
in Switzerland, where the glide path is followed 
down within a few meters from the ground. 

The equipment of the ground station is the 
same, irrespective of whether the method of 
electrical vertical navigation is employed or that 
at present utilized in Germany, viz., of landing 
at a constant rate of descent (Fig. 2). 


Outline of the Approach and Landing Proc- 
ess in the C. Lorenz-A.G. Ultra-Short 
Wave Guiding Beam System 


If, in consequence of poor visibility due to fog 
or other conditions, landing by means of a radio 
beacon beam is necessary, the pilot guides his 
machine to the vicinity of the airport (a zone of 
approximately 30 km. radius) by existing means 
of direction finding or homing. By means of the 
tone modulated signals radiated by the main 
beacon, he reaches the approach path marked 
by this beacon. For the reception of the beacon 
signals an automatically operating receiver is 
used, furnishing the pilot with both aural and 
visual indication of the position in the horizontal 
plane of the machine with respect to the guiding 
beam of the radio beacon. The approach path 
sector, as is well known, is defined by the inter- 
section of two radiation diagrams produced by 
the alternate operation of two reflector dipoles 
(Fig. 3). Should the airplane be outside of this 
approach path, short dots are heard on the port 
side, or dashes on the starboard side. Diver- 


gencies off the course are again indicated both 
aurally and visually (Fig. 4). By intermittent 
deflections to left or right of the received signal, 
the indicating instrument shows the direction in 
which the pilot should steer his machine in order 
to reach the approach path in which the (comple- 
mentary) signals, by merging into one another, 
become a continuous note. At the moment when 
the continuous note is reached, the direction indi- 
cator comes to rest and indicates to the pilot that 
he should maintain his course for a safe landing 
at his destination. 

During the approach, the pilot gradually 
decreases his height to about 200 meters. At 
about 3 km. from the boundary of the landing 
field when reaching the outer marker beacon 
signal, lamp (“V”) on the left-hand side of the 
visual indicator apparatus lights up and, at the 
same time, a deep note (700 p:s) is heard in 
the headphones. The pilot then throttles back 
and gliding down at an approximately constant 
rate of descent reaches the admissible minimum 
height at the inner marker beacon. The inner 
marker beacon signal is given at a distance of 
0.3 km. from the boundary of the landing field—a 
few seconds before the machine reaches this 
boundary—and is conveyed to the pilot by a 
rbythmic short-keyed high note as well as by the 
lighting of the right-hand lamp H in the visual 
indicator equipment. The pilot now knows that 
there are no obstacles to his flight in the final 
section of the landing path and can, conse- 
quently, further reduce the height of flight in 
order that he may bring his machine down safely 
even when ground visibility is at its worst. 

This briefly described landing method is used 
to a very great extent in Central European 
traffic. It consists in the determination of the ap- 
proach course to the airport as well as in the 
transmission of signals which mark two im- 
portant distances from the boundary of the land- 
ing field and which are involved in the process of 
landing. This landing method, employing land- 
ing beacon beams of the type used in the C. 
Lorenz-A.G. ultra-short wave system, is being 
increasingly applied in European air traffic. 


The Design of the C. Lorenz-A.G. System 


The Lorenz system of navigation necessitates a 
“ground station” at the airport, and the installa- 
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Fig. 2—Schematic Arrangements of Landing Method in the C. Lorenz-A.G. Ultra-Short Wave Guide Beam Process. 
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Fig. 3—IIllustration of the Guide Beam Zone. 
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tion of complementary receiving equipment 
(“plane station”) in the airplane. For the ground 
station, central and fully automatic remote 
control both of the main transmitter and of the 
marker transmitters is provided. On the control 
panel, indication of the correct working of all 
three beacons is provided by means of similar 
revertive signals. The airplane receiving set is 
fully automatic in operation; it employs a mini- 
mum number of valves, is simple in design, and 
is light in weight. The necessary range is ensured 
by an adequate design of the ground station. 

The ground equipment comprises a 500 watt 
guide beam beacon transmitter together with 
two or four small (5 watt) transmitters for the 
transmission of the “‘signals,’’ according to 
whether one or two directions of approach flight 
are provided for (Fig. 5). The remote control of 
all transmitters takes place from a central 
control set (‘control station”) where, also, the 
revertive signal impulses for the supervision of 
traffic are made perceptible. All the transmitters 
are crystal controlled, operating on ultra-short 
waves and are designed for all mains operation. 
They are supervised in every phase of operation 
by means of visual and audible indications at 
the ‘“‘control station.” These measures doubly 
ensure the operation of every component part 
and guarantee a high degree of reliability for the 
system as a whole. They represent an absolute 
necessity for purposes of landing when visibility 
is bad. 

(a) The Radio Main Beacon Transmitter. The 
requirements for this transmitter emerge from 
the physical bases of the landing method em- 
ployed in the C. Lorenz-A.G. system. In addition 
to necessary constancy of radiation to provide 
constant field strength, the navigational signifi- 
cance of “beacon” radiation requires a high 
frequency stability as well as an adequately 
constant degree of modulation. Fundamentally, 
the circuit cmploys a crystal controlled oscil- 
lator stage from which the operating frequency 
(fe=33.3 megacycles) is amplified in four stages 
and, by means of the grid potential, the fourth 
stage is tone modulated. The transmitter is 
shown in Fig. 6a, where the disposition of the 
constituent equipment may be seen. In the lower 
part are housed the component aggregates for the 
power supply which, in addition to the ventila- 
tion devices for the transmitter container, also 
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Fig. 4—Visual Indicator Equipment Mounted on the 
Dashboard of a Commercial Airplane in Conjunciion with 
Other Navigational Instruments. 


include the high and low tension rectifiers 
(selenium rectifiers and smoothing devices). 
Above this equipment are the component sections 
intended for the circuit distribution of the feed 
potentials including all the associated testing 
instruments and also the auxiliary devices used 
for modulation of the operating frequency and for 
the keying of the associated radiation system. 
Near the cast iron transmitter container, a 
quick acting voltage regulator operates from the 
local 3-phase mains regulated to +0.5%. The 
beacon transmitter is installed in a specially 
provided, small brick building from which feeder 
and keying lines connect to the radiator system. 
The latter consists of an energizing dipole, which 
is fed from the transmitter terminal stage, and 
on both sides of which a reflector dipole is placed 
at an interval of \/4. These, with the energizing 
dipole, are in a plane vertical to the guide beam 
plane and are fed by radiation coupling. The 
complete vertical radiation system is mounted on 
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stiffened wooden masts erected directly in front 
of the beacon building (Fig. 6b). 

(b) The marker beacon (signal) transmitters 
function on an operating frequency of fz=38.0 
megacycles and differ, from a high frequency 
aspect, from the beacon transmitter only in the 
number of amplifier stages (Fig. 7). According 
to the purpose for which they are to be used, 
the modulation frequency is either 700 p : s (for 
the outer marker beacon signal) or 1,700 p:s 
(for the inner marker beacon signal); the allo- 
cated keying series are shown in Fig. 8. The 
current supply of the signal transmitters is 
arranged for mains connection, the anode and 
initial grid potential being obtained by means of 
dry rectifiers. The transmitter itself is of a rigid 
and concentrated design and includes complete 
mounted keying and revertive signal equipment 
as well as all the accessories. 

With regard to all the transmitters, the follow- 
ing may be said: in principle, importance is at- 
tached to easy manipulation and control of the 
correct operation of all the component apparatus. 


In addition to being remotely controlled all 
transmitters can be put into operation locally by 
means of switching devices which are conven- 
iently accessible on the transmitter front panel. 
In practical operation they are normally con- 
nected and disconnected from the ‘control 
station” which is generally installed in the 
control tower of the airport. 

(c) Transmitter Radiation Fields. The arrange- 
ment of the radiation fields, in relation one to 
another, is illustrated in Fig. 1. It shows how the 
approach path sector—produced as a result of 
the keying rhythm of the main transmitter by 
the alternating operation of the reflector dipole 
—is intersected at two characteristic points by 
the two radiation fields of the signal transmitter. 

The transmission of the marker signals neces- 
sary to the landing process is effected by the up- 
wardly directed, horizontal dipoles of the signal 
transmitters. The correct time period of reception 
(so-called wall strength) of the marker signals 
during flight is obtained by influencing in a 
simple way the radiation field of the horizontal 
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Fig. 5—Plan of a Complete Ultra-Short Wave Radio Beacon Landing System (C. Lorenz-A.G. System). 
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Fig. 6—Radio Beacon Guide Beam Transmitter. (a) The 
Beacon Transmitter Inside the Protecting Hut, (b) The 
Hut with Complete Radiation System. 


dipoles. By a suitable arrangement of a wire 
netting, which may be regarded as a reflecting 
surface, it is possible with the dipole placed at 
about \/2 above the surface to attain the required 
vertical radiation, the separation of the dipole 
from the reflection surface being considerably 
less at its center because of the curvature of the 
netting (Figs. 9a and 90). Fig. 10 shows the 
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characteristic curve of this vertical radiation. 
The marker transmitter is housed in a wooden 
hut below the netting. 

Operation of Ground Station. As already men- 
tioned, the easy supervision at any time of the 
operation of all component parts is of exceptional 
importance in view of the purpose of the system. 
This is accomplished by means of visual and 
audible signals on the same apparatus from which 
the switching is done. The ‘‘control station” is 
accordingly the nucleus of the navigational sys- 
tem and, at the same time, the agency that regu- 
lates and supervises. the manifold switching 
processes pertaining to traffic operations. The 
operating control of all transmitters is based on 
the revertive signal process: the mains voltage 
and demodulated antenna currents from all trans- 
mitters are carried back to, and suitably indi- 
cated at, the control station. The same operating 
supervision directly at the individual transmit- 
ters themselves is also provided. 

In practice all transmitters are put in operation 
by means of one main switch on the remote 
control panel. 

When planning the ground station the direc- 
tion of approach to the airport for (perfect) 
landing is determined with due regard to the 
direction of the wind. 

The main switch on the remote control panel 
with its corresponding control contacts indicated 
in color on the panel is so arranged that by 
switching either to one or the other side the 
appropriate marker beacons for that particular 
direction of approach are brought into operation. 
Simultaneously, by the same means, the keying 
of the beacon transmitter is adjusted in a manner 
such that dots are always transmitted to the port 
side of the course. These measures obviously add 
to the degree of safety in the carrying out of this 
navigation process. 

On the front panel of the “control station” 
(Fig. 11) colored signal lamps show the presence 
of mains voltages and meters show that the 
transmitters are actually working the needles of 
these meters, swinging in the keying rhythm of 
each particular transmitter. Along with these 
purely visual signals, arrangements may be made 
for listening to the different keying signals and 
modulation frequencies by means of telephone 
control. Furthermore, any trouble is indicated 
acoustically by the operation of an alarm whistle 
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Fig. 7—Keying Sequence. 


Fig. 8&—“‘Signal Transmitter” with Mains and Antenna Cable Connected. 
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and visually by the warning signal of a drop 
indicator. In addition, simple means are provided 
for the quick testing of all control and revertive 
signal lines to all transmitters. 

Revertive signal equipment which, in par- 
ticular, is intended for checking the dipole relays 
and which is mounted near the transmission line, 
is an additional means of supervising locally the 
beacon transmitter. 

The plan in Fig. 5 shows the fundamental de- 
sign of the ground station in its electrical associa- 
tion with the central control and supervisory sta- 
tions provided for two directions of flight and, 
correspondingly, four signal transmitters. The 
spacing of the complete ground system is depend- 
ent on the position of the airport and, above all, 
upon the immediately surrounding conditions. 
It is, therefore, determined as occasion arises. 
The Airplane Receiving System (Airplane Set) 
Fig. 9a—Complete Signal Trans- for Landing Purposes. The airplane receiving 

matter System. system serves to receive the high frequency sig- 
nals which follow one another successively on the 


Fig. 9b—Signal Transmitter Erected in Wooden Hut under the Reflector Arch. 
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Fig. 10—Radiation Characteristic Curve of the Signal Transmitter. 


principle of the landing method. It consists of the 
receiver and two associated receiving antennae. 
The apparatus for the pick-up of the beacon fre- 
quency is a simple amplifier which has a high 
frequency amplifier stage, a detector, and a low 
frequency amplifier. Automatic amplifier regu- 
lation maintains the sound volume fluctuations 
in the headphones (Fig. 12) within admissible 
limits even with very considerable field strength 
alterations during flight. A special detector, 
mounted in its own metal container, is provided 
for the reception of the marker beacon signals. 
It retransmits the demodulated tone frequencies 
of the outer marker beacon signals to the low 
frequency amplifier of the beacon receiver. Here, 
therefore, all three modulation notes of the 
ground transmitter are amplified. A filter net- 
work (frequency filter), adjusted to the existing 
tone frequency, filters the modulation frequencies 
of the marker signal transmitter (700 p:s or 
1,700 p :s, respectively) and passes these low 
frequency voltages on to the visual indicator 
apparatus: During the approach to the radio 


Fig. 11—The ‘‘Control Station.” 
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beacon, an approximate idea of its distance is 
obtained by means of a vertical indicator instru- 
ment which is in the visual indicator set and 
which is connected through a rectifier to the low 
frequency amplifier. The modulation frequency 
of the main beacon (1,150 p:s) governs the 
amplifier regulation as well as the indication of 
distance and divergence to the side. Special 
equipment, which is connected to the low fre- 
quency amplifier through a rectifying arrange- 
ment, and which is mounted horizontally in the 
instrument container of the visual indicator set, 
indicates divergences to the side and serves to 
clearly determine the course of the airplane. Dur- 
ing flight, a switch mounted in the operating set 
on the dashboard of the airplane is placed in the 
“approach” position, and amplifier regulation is 
effected. (For the purpose of glide path landing— 
vertical navigation—this switch is thrown to 
“glide path” at the outer marker beacon signal, 
whereupon automatic amplitude regulation is 
disconnected.) The airplane battery provides the 
power supply for the receiving set and operates 
the converter; the latter supplies power for the 
filament lamps as well as the necessary voltage 
for the anode circuit of the amplifier. An example 
of a typical installation of an airplane set in 
an airplane of the “Deutschen Luft-Hansa’’ is 
shown in Fig. 13. 


A vertical dipole about 90 cm. in length, con- 
nected through a suitable transformer to the 
receiver input, serves as an antenna for the 9 
meter wave of the beacon transmitter (Fig. 14). 
A horizontal dipole consisting of two copper tubes 
about 1 meter in length is used for the reception 
of the marker signals. These copper tubes are 
fastened at an interval of about 5 cm. along the 
airplane and under the fuselage by means of 
streamlined supports, and are connected through 
a transformer to the detector. The complete air- 
plane receiving equipment, accordingly, consists 
of the beacon receiver, which contains the com- 
mon low frequency amplifier, the detector, and 
the frequency filter, as well as the battery box 
or a rotary converter. On the dashboard of the 
airplane is mounted the visual indicator set which 
includes the two instruments indicating the dis- 
tance and the deviation from the course as well as 
the two signal lamps. 


Ultra-Short Wave Landing Radio Beacons 
in the European Air Communications 
System 


If it be recognized that adaptation of the 
requisite ultra-short waves to this landing proce- 
dure makes normal aircraft radio communication 
on medium waves for additional direction find- 


Fig. 12—Fundamental Circuit Diagram of the Airplane Set. 
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Fig, 13—Installation of a Receiving Set in Goods Carrying Airplanes Belonging to the 


Deutschen Lufthansa. 


ing indication unnecessary and, also, that the 
normal airplane radio equipment is available for 
communication purposes during the last minutes 
prior to landing, a very essential advantage will 
have been achieved from the viewpoint of the 
service organization; this, quite apart from the 
fact that navigation on ultra-short waves is, in 
practice, not interfered with by simultaneous 
transmission and reception on medium waves. 
Furthermore, the ground equipment necessary 
for this landing method is designed so that it can, 
without difficulty, be introduced into existing 
ground station radio organizations. As early as 
the year 1932, under the direction of German 
Air Authorities, an experimental system was 
erected by C. Lorenz-A.G. for bad weather 
landing at the Berlin-Tempelhof airport and was 
demonstrated to those attending the Interna- 
tional Air Service Conference in January, 1933. 
The next conference (Geneva, 1934), also the 
Meeting of Experts (Paris, November, 1933, 
and Warsaw, September, 1934), dealt with the 
improved design of this system and determined 
the operating frequency for the guide beam 
beacon as well as for the marker beacons, 


together with the associated modulation fre- 
quencies. These decisions and further practical 
experience led, during the last two years, to a 
rapid extension of the landing radio network in 
Germany and, from time to time, other European 
countries have adopted it. Today, the following 
German state airports are equipped with radio 
landing systems: Berlin, Breslau, Danzig, Leip- 
zig, Frankfurt a/M., Hamburg, Hannover, Köln, 
Königsberg, München, Nürnberg, Stettin, and 
Stuttgart. Amongst foreign airports, the follow- 
ing already have complete sets: London (three 
radio landing systems), Milan, Paris, Stockholm, 
Warsaw, Vienna, and Zürich; similarly, Japan 
and Russia. 

These radio landing systems are in preparation 
for Budapest, Prague, Rome, Venice, as also for 
Poland, Australia, South Africa, and South 
America. 

In view of the great significance of the air 
service in modern communications, the landing 
radio beacon offers security facilities which can no 
longer be disregarded. It is, in fact, fundamental 
to developments in the important branch of 
aeronautics pertaining to safety. 
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Installation of Radio Distribution 
in the Beaujon Hospital, Paris 


By G. MEUNIER 
Le Matériel Téléphonique, Paris, France 


\HE Beaujon Hospital, erected at Clichy 
in 1934, with ils twelve stories sur- 
i mounted by its water reservoir, con- 
uts one of the highest buildings authorised to 
be built in the Paris area. It is also the most 
modern hospital. Perfectly ventilated, it faces 
south with a frontage of over 100 meters, and 
comprises on each floor four large common wards, 
disposed in rack-tooth style, where the private 
wards, resting, dressing, and operating chambers 
are located, as well as all other associated ac- 
cessories of this immense “‘hospital-factory.” 

More than 1,000 beds are available. On each 
floor, terraces prolong each ward, thus enabling 
patients to remain for long periods in the sun and 
open air under the best possible hygienic condi- 
tions. The last two stories, more especially re- 
served for the treatment of consumptives, are 
entirely disposed in terraces to which access is 
obtained from the common and individual wards 
through large windows. _ 

Annexes are located at the rear of the main 
building. They are equipped in an up-to-date 
manner for supplying power, light, and heat to 
all the buildings. 

The dressing and operating rooms for special 
treatments (radiography and radiothermy) are 
provided with the most modern equipment. 

The engineers of the ‘‘Poor Law Administra- 
tion,” who collaborated in creating this beautiful 
building, considered that above all, it had to be 
pleasant and agreeable both to patients and 
visitors. They endeavoured to eliminate all signs 
of sadness and did their utmost to achieve an 
atmosphere of cheerfulness. Air and light are 
abundant, and the view of Paris from the 
terraces is magnificient. The decorations of the 
wards, all different, are bright and pleasing. 

It was appreciated that, unfortunately, highly 
pleasant surroundings will not prevent patients 
from becoming bored, and radio was resorted to 
as the best means of diversion. Several hospitals 
in France had already been equipped with radio, 
the initiative in furthering these installations 
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having been due more to social groups than to the 
hospital managements. For a considerable time, 
patients themselves have had radio sets installed 
in nursing homes or sanatoriums. While some- 
times quite rudimentary, these, nevertheless, 
afford the patient and his companions consider- 
able pleasure. 

Prior to the Beaujon Hospital installation, Le 
Matériel Téléphonique had carried out two in- 
stallations in similar institutions: one for 50 head 
receivers at the Compiégne Hospital and another 
for 300 at the Colmar Hospital. The Beaujon 
Hospital project was of much greater magnitude, 
since 900 beds were to be provided with radio and 
40 rest wards with loudspeakers having ad- 
justable volume. 

The decision to instal radio distribution in the 
Beaujon Hospital was made at a time when the 
erection of the building was well advanced; and, 
prior to approaching the firms capable of carrying 
out such an installation, an order had been placed 
with the general contractor for the installation of 
the radio distribution lines. These lines were 
composed. of single-pair 0.65 mm. lead-covered 
telephone cable; therefore, their capacity was not 
adequate for distributing several programmes 
simultaneously or for operating the forty loud- 
speakers in the rest rooms with sufficient volume. 

In view of the foregoing, it was decided to 
adopt distribution at low power, i.e., at a level 
allowing only for direct listening with head re- 
ceivers. Loudspeakers connected in place of head 
receivers were provided with an amplifier fed 
directly from the power supply. 

The distribution center was required to provide 
rediffusion of: 

(1) Record music by means of two pick-ups, 

(2) Musical retransmissions brought in directly 
by the P.T.T. from the different Paris 
theatres over telephone lines. 

(3) Orchestral music or songs produced in a 
studio specially provided for this purpose 
in the hospital itself, 

(4) Announcements and news items transmitted 
at the distributing apparatus itself. 
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Beaujon Hospital, Paris. 


Equipment for meeting these different pur- 
poses was designed as follows: 

The radio receiver consists of a Type 63, Le 
Matériel Téléphonique radio set, and is located 
on the second floor of the building. An anti- 
parasite lead-in, a filtrostat system, and a single 
wire antenna are used. 

This set can operate, either the power ampli- 
fiers or the control loudspeaker placed in the 
cabinet, thus permitting the selection of a station 
while another programme is being furnished to 
the patients. 

The pick-up, Type 104—A, in an oil bath, the 
announcer’s microphone of the diaphragm type, 
the studio microphone of the electrodynamic 
type, and the line from the theatrophone termi- 
nate in a special preamplifier. 

The radio receiving set or the special pre- 
amplifier is connected to two No. 1212 amplifiers, 
each with two 2-A.3 tubes in push-pull, and 
capable of giving a modulated power of ap- 
proximately 10 watts per amplifier. 

A second group of two amplifiers, Type 1212, 
has been foreseen, as a spare group to replace the 


former, or for joint working in the event of an 
extension of the installation. 

All the operations enabling the transmission 
of one of the five types of programmes con- 
templated are made by means of relays. A key 
and a lamp signal in the middle of the center 
panel of the cabinet correspond to each of these 
retransmissions. 

To effect the retransmission of a given pro- 
gramme, it is only necessary to throw the cor- 
responding key, with the result that the preced- 
ing programme is cut off and the connection 
between the power amplifiers and the distribution 
lines is momentarily interrupted, thus allowing 
the operator to adjust the retransmission without 
causing inconvenience to the patients. Upon re- 
storing the key to its normal position, the connec- 
tion between the amplifiers and the distribution 
lines is secured again. 

Another key allows for the suppression of the 
other key positions without any programme be- 
ing switched on. Finally, the announcer’s micro- 
phone is operated by a special key: by operating 
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it in one direction, the programme transmitted is 
suppressed and the announcer’s microphone is 
connected; by operating it in the opposite 
direction, the preceding programme is again 
switched on. 

The control loudspeaker can be used either on 
the distribution, i.e., after the amplifiers, or only 
on the radio receiving set for selecting a station. 
This loudspeaker, naturally, remains in circuit 
when changing the programme, the connection 
between the power amplifiers and the distribution 
lines being suppressed. On the other hand, the 
loudspeaker is automatically cut off when the 
key connecting the announcer’s microphone is 
operated. 

The control equipment utilises about ten relays 
of the automatic telephone type and is fed from 
alternating current (110 volts, 50 cycles) through 
a selenium rectifier. A lamp signal installed near 
the auditorium microphone indicates whether the 
latter is connected. Finally, a switch placed 
near this microphone enables the artists to cut off 
the transmission when their performance is 
finished. 

The control loudspeaker is paralleled by an 
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output power level indicator and can thus be cut 
out without losing the distribution control. 

The whole equipment, mounted in a metal 
cabinet, has the operating and control apparatus 
described above placed on its face and includes 
two pick-ups on a desk-shaped shelf. The lower 
front portion contains a record filing cabinet; the 
lower rear houses the power amplifiers. 

In planning the installation, much attention 
was paid to the detection of trouble on lines or 
distributing apparatus (head receivers and loud- 
speakers). It was almost impossible to equip the 
distribution circuits with fuses sensitive enough 
to cut out defective lines or apparatus auto- 
matically, particularly in the case of a partial 
short circuit or insulation defect. Hence the 
installation was divided into a certain number of 
sections, in principle one section per floor, each 
with an individual line to the operating cabinet. 

Every line is controlled by a two-position key, 
permitting connection to the power amplifiers 
through a fuse or the cutting out of amplifiers, or 
else the closure of a circuit to an ohmmeter in the 
operating cabinet. 

When a fuse is blown, indication is given to the 


Head Receivers in Use. 
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operator by the lighting of a lamp corresponding 
to the defective circuit. It is then easy for him to 
throw the corresponding key so as to connect the 
line to the ohmmeter and thus determine whether 
the trouble is permanent or momentary. The elec- 
trician in charge of maintenance makes a careful 
test of the line by insulating successively at the 
cut-out boxes the different sections of the line, 
and thus rapidly locates the trouble. 

If the trouble is not such as to blow the fuse 
but is interfering with the retransmission as a 
whole, it is easy, by connecting the lines one 
after the other to the ohmmeter, to locate the 
defective circuit, to momentarily insulate it, and 
to make a quick check without disturbing the 
rest of the installation. 

Head receivers, meeting special requirements, 
were provided. They are very light in weight and 
do not press on the patients’ heads; they are 
practically unbreakable and capable of being 
frequently disinfected in formaldehyde fumes. 
A volume control is readily accessible to the 
patient. Further, it was desirable that receivers 
might be detachable from the head band so that 
patients might hold them by hand. The existing 
L.M.T. model was modified to meet these 
requirements. 

The ear pieces, in black moulded material, 
were replaced by white ones of a material similar 
to Polopaze. The volume control is of special 
design. It is housed in a white box of a material 
similar to the receivers and is connected to the 
middle part of the cord so that the patient may 
reach it quite easily. 

A special cord was developed to resist formal- 
dehyde fumes. It is equipped with a telephone 
type plug. The corresponding jack is contained in 
a metallic junction box which is white enamelled 
and is mounted on the wall for connection to the 
lead-covered cable. 

A resistance shunts the line when the head re- 
ceiver is removed, in order to avoid changes in 
volume with variation in load. 

The loudspeakers installed in the rest rooms 
employ a 22 cm. diaphragm similar to that used 
in radio receiving sets and an amplifier with two 
stage triodes giving a power of approximately 
1.5 watts. 

In place of an input transformer, the grid is 
connected directly to the distribution line through 
a set of resistances and a potentiometer. The 
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Programme Distribution Switchboard. 


pilot lamp shows whether or not the apparatus is 
energised. 

A tone control provides an especially suitable 
frequency curve. This was deemed necessary 
inasmuch as the rooms in which the loudspeakers 
are installed have highly unfavorable acoustic 
properties. 

The Beaujon Hospital installation has the 
following characteristics: 


Distribution at 4 to 5 volts approximately, 

Power of the distributing center: 20 to 40 watts, 

The simultaneous feeding of 500 to 900 head 
receivers and of 40 loudspeakers of 1.5 watts 
by means of amplifiers. 


The distributing center is located in the li- 
brary of the hospital. It is operated by the 
librarian, since the design is such that no special 
technical knowledge is required for operating the 
equipment. 

This installation constitutes a standard for 
radio distribution in French hospitals. Several 
other institutions—sanatoriums, nursing homes, 
schools, etc.—are now contemplating the instal- 
lation of a similar system. 


Propagation Tests with Micro-Rays 


By A. G. CLAVIER 


Les Laboratoires Le Matériel Téléphonique, Paris, France 


(HIS paper relates to tests on propaga- 
tion of micro-rays, which were carried 

H out between experimental stations at 
St. Margarets Bay (England) and Escalles 
(France) during the latter part of July and the 
beginning of August, 1935. 

It had been known for some time that, on the 
frequency of 1,700 megacycles per second, which 
had been in use between the micro-ray stations 
at Lympne and St. Inglevert aerodromes, varia- 
tions of signal strength were actually occurring, 
particularly during the hot days of the year. The 
tests here considered were undertaken in order 
to ascertain what influence a change of wave- 
length would produce on the amplitude and fre- 
quency of these fading phenomena. 

The type of valves which was used did not 
differ from that in operation on the Lympne- 


Fig. 1—Schematic Oscillating Circuit of a Micro- 
Ray Valve. AOC is the Oscillating Electrode and 
ABGDC, the External Circuit. 


St. Inglevert micro-ray link. Descriptions of these 
micro-ray valves have already been given.t: 2 3 


1 “Production and Utilisation of Micro-Rays,” by A. G. 
Clavier, Electrical Communication, July, 1933. 

2 “The Anglo-French Micro-Ray Link between Lympne 
and St. Inglevert,” by A. G. Clavier and L. C. Gallant, 
Electrical Communication, January, 1934. 

3“Micro-Ray Communication,” by W. L. McPherson 
and E. H. Ullrich, Journal of the Institution of Electrical 
Engineers, 1936, Vol. 78, No. 474. 
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Fig. 3—Arrangement of Antennae for Propagation Tests. 
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They are made of three electrodes having a cylin- 
drical symmetry, the tungsten filament being the 
axis of the structure, and a helicoidal oscillating 
electrode being provided with two wires connect- 
ing its extremities to the load circuit. The exter- 
nal electrode is a molybdenum cylinder, the axis 
of which coincides with the filament. 

Since some of the components of micro-ray 
equipment are closely related to the frequency 


employed, it was decided to carry out the tests 
on a few frequencies of suitable separation. 
Valves and other components were then designed 
for these frequencies. 

The main factor underlying the design of a 
micro-ray valve for a specified frequency range 
has been found to be the length of the wire of 
the oscillating electrode.4 This can be shown by 
the following considerations. 

The mechanism of electron movements inside 
the valve results in the production of a negative 
leakance along the wire of the oscillating elec- 
trode when suitable voltages are impressed on 
the electrodes. Thus, if we represent the oscil- 
lating circuit as in Fig. 1, it is made of two parts, 
one, AOC, being the oscillating electrode itself 
and the other, ABGDC, the external circuit. 
When stationary conditions are obtained, it can 
be assumed that O and G are nodal points for the 
oscillating voltage. Then call V the difference in 


4 United States Patent 1,959,019, March 7, 1932. 
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Fig. 5—Mounting of Two Receiving Valves on One Electro-Optical System at St. Margaret's Bay. 
Lı Transmission Line Leading from Antenna A, to Receiving Valve Vi Behind the Paraboloidal 
Reflector My. 
Ly Transmission Line Leading from Antenna A» to Receiving Valve V2 Behind the Hemispherical 
Reflector Ma. 
Hı, H, Metal Coverings for Receiving Valve Assembly. 


volts between any point X of the oscillating 
electrode and point O. Let i be the high-fre- 
quency current and r, J, g, c the usual resistance, 
inductance, leakance, and conductance coeff- 
cients per unit length. The voltage and current 
relationships may be expressed as follows: 


OV 04 
Seay ps, 
Pesala 
ði oV 
—-—=V+c—- 
Ox £ To 


From these equations the following general ex- 
pression may be derived: 


av 


a a 
ax? (247) (e+e) y: 


A solution of the form 


V= Voit, where j=V¥—1, 


is obtained when 


lg+cr=0, 


and 


Taking £ as the positive square root, the solution 
takes the following form: 


V = Vyei 82) 4 Yogi tt82) 


Assuming that point O is a nodal point for the 
voltages Vi= — Vo, 


V=—2jVi sin Bx Xe, 
It is then found that 


2BV1 


8 
rtilw 


=j cos Bx Xe", 


214 ELECTRICAL COMMUNICATION 
j | poet | et 
Dé 
30 17 vuiler 19935) =. 
= 
e, ae H 
= oE PE 
A ge fol. 
20 ie 
10 — 
2 oe Seerey | es [eee i 1 1 1 oli ak 4 t 
as 30 7630 ifso | 18 
ay 18 JUÌLLI 
20 
10, i a 5 
| $ 
x š 
0 n eTO EE CE E P SENN. Š i ad 1 
aw b = a RA e A S a Te ae A i0 EY 
30 19 Jitter ames Aa ee 
P 
i pr mee 
i oe 
aa Na oe AN / A 
Sg NY 
40 i 
0 a L 4 4 1 L1 Iom- L. a L L 1 sak- —_ 
Do E m0 | 15 730! 16 630" 7 #730 a 830] 9 
30) = =. 
+" 
pa 
„Am Aae mban, p) p a R ft, 
Pos ie p a = at —e 
Qs] ett 
P . peo : „aaa om | —— 
A a SS ee à ES jg” |- 
a SNO | ——— 
10 ot a | | —_ LS 29% — | —-— 
y AE TEEN: E te a a a DE ET aol yp at a lt SE Poy N EU EEN, M EE: SAE EN. L PAL OON OEN | LEN TER D) 
10 30 it a30 T 72.30 30 BO 16 w30 17 730 T8 18.30 


Fig. 6—Propagation Tests Between St. Margaret's Bay, England, and Escalles, France, Showing Signal Strength Above 
Noise Level. 


Between two points X and X’, symmetrical 
with respect to O, the voltage amplitude will be 
—4jVi sin Bx. It follows that the internal impe- 
dance between the extremities A and C of the 
electrode will be 


sae jaf rst 
pen INE Oo 


Z= 


when A is used to designate the length of the 
wire of the oscillating electrode. 
Now the external circuit can be considered as 
a transmission line AB, CD with a load R at the 
end due to radiating resistance. 
Let 
AB=CD=y; 


then, if Z is the surge impedance of the trans- 
mission line, the input impedance is 

zz cos Biy~ JZ ae Bry 
Z cos B'y—jR sin p’y 


We shall consider 8’ as approximately equal to 8, 
which means that the propagation of the waves 
along the oscillating electrode and the trans- 
mission line will be assumed to be identical. 
Moreover, R will be assumed as relatively small 
compared with Z. For instance, in the case of 
two wires AB and CD 18 mm. apart, with a 
diameter of 2 mm., Z is approximately equal to 
345 ohms and R to 8 ohms. In this case Z. be- 
comes approximately equal to 


—jZigpy. 


e 


~ cos? By 


The conditions for sustained oscillations may 
then be written 


cos? By z 


La ff 
2N -tgb +N steBy =0. 
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Considering only the simplified case when 


i.e., assuming there is no discontinuity in char- 
acteristic impedance on either side of AC, the 
condition which determines the wavelength is 
then 
ee, 
m 


where m is any integer. 
The condition for sustained oscillation is then 


—“sin BA+R=0. 
B 
This impies that sin 8A>0O and determines the 
ranges of possible wavelengths 
A>2A, 
2 
A>A> 3h 


A A 24 

a7 > zA 

But the output delivered to the doublet BD is 
not constant throughout each possible range. 
This output can be calculated as a function of 
the circuit elements and is found to be 
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A maximum occurs when 


28y=(2k+1) 5» 


in which 
2r 2r 
TA AF 
m 
so that we obtain 
8y 
gth 
om 


where k is, like m, any integer. 

It is thus possible, for a given length A of the 
electrode wire, to draw a chart, such as Fig. 2, 
which gives as a function of the length y of the 
transmission line the possible wavelengths which 
will be produced by the valve provided suitable 
electronic conditions for oscillations are obtained 
inside the structure. 

Fig. 2 applies to a type of micro-ray valve 
for which A=21.5 cm. Region (2) corresponds to 
a very short wavelength, and the length y for 
which this would be obtained falls within the 
bulb of the valve. It is, therefore, region (1) 
which is usually employed. 

This corresponds to m=2 and k=1, and the 
maximum output is obtained when 


_3h_ 3A 
P 4y sin? 28y y 8 10 
Be ene ee 5 
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Fig. 8. 


It must be remembered that this condition re- 
sults from simplified theoretical considerations. 
But experiment gives the same order of magni- 
tude and the same general sequence of oscillation 
frequencies.*: 5 
For instance, valves designed for an optimum 
wavelength of 
21.5X4 


5 


operated satisfactorily on that wavelength al- 
though a larger output was obtainable from the 
same valves on 19.4 cm., the length of the trans- 
mission line being then about 7 cm. Considering 
that this transmission line is far from possessing 
uniform properties as it must go through the 
glass of the bulb, the approximation obtained 
can be considered as satisfactory. Moreover, 
when applied to other valves designed for differ- 


=17.2 cm. 


5 “Vacuum Tubes as High-Frequency Oscillators,” by 
M. J. Kelly and A. L. Samuel, Bell System Technical Jour- 
nal, Vol. 14, January, 1935. 


ent wavelengths, the order of magnitude has 
always been found to be correct, and in certain 
cases the agreement between theory and prac- 
tice proved to be quite satisfactory, particularly 
for longer wavelengths (up to 30 cm.). For these 
longer waves the diameter of the oscillating elec- 
trode was larger and the apparent internal char- 
acteristic impedance was probably nearer to the 
impedance of the external transmission line. It 
was thus found possible to manufacture sets of 
valves suitably designed for different wave- 
lengths, ranging from 10 to 30 cm. 

As already mentioned, the tests were carried 
out between St. Margaret’s Bay and Escalles 
where there were available the two experimental 
stations which had been erected for the original 
demonstration of a telephone micro-ray, cross- 
channel link in March, 1931. Each experimental 
station was provided with two reflectors only 
and, in order to make simultaneous observations 
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on several wavelengths, one reflector of each 
station was equipped with two valves. Fig. 3 
shows what arrangement finally was decided on 
in the experiments under review. 

Fig. 4 shows the schematic of the circuits used 
at St. Margaret’s Bay on the receiving side. Two 
valves V; and V, were used, the first one as a 
receiver for the 29 cm. wavelength and the second 
one as a receiver for the 20 cm. wavelength. The 
corresponding antennae A; and A» were placed 
at the focal region of the electro-optical system 
and at right angles. The 29 cm. receiving valve 
was mounted behind the paraboloidal reflector 
in the usual way, but the 20 cm. receiving valve 
was mounted behind the hemispherical mirror 
M. As formerly indicated, the radius of this 
hemispherical mirror should, for optimum opera- 
tion, be equal to an integral number of half 


6 “Reflectors and Transmission Lines for Ultra-Short 
Waves,” by R. H. Darbord, L’Onde Electrique, 1932, 
Vol. 11. 


wavelengths. Me, having a radius of 29 cm., was 
practically suitable for both wavelengths. A 
switching arrangement J was used to receive 
either on one wavelength or the other. 

The second reflector, at St. Margaret’s Bay, 
was used for transmission on 18 cm. 

At Escalles, one reflector was used to transmit 
on 20 cm. and to receive on 18 cm., and the 
second reflector was used to transmit on 29 cm. 

On the transmitting side, modulation was 
effected by applying voltages in a suitable ratio 
to the oscillating and reflecting electrodes of the 
transmitting valve in a way which has previously 
been explained.! Great care was taken to apply 
constant voltages on the valves. 

This equipment proved to be quite satisfactory 
and no appreciable perturbations occurred be- 
tween the two different receiving equipments. 
The system was entirely symmetrical and very 
easily protected against bad atmospheric condi- 
tions, as shown in Fig. 5. 
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The method used for reception has previously 
been mentioned,’ but further explanation may be 
of interest..When the micro-ray valve is suitably 
adjusted, it can perform two different functions 
simultaneously. First, it can be made to oscillate 
on a micro-ray frequency and, secondly, it can 
be used to produce an intermediate frequency, 
this second frequency bearing no numerical rela- 
tion whatever with the micro-ray frequency. 


Consider, for instance, in Fig. 4, the 20 cm. 


receiving valve. In circuit COs, for suitable values 
of the voltages applied to the valve, an oscillation 
of micro-ray frequency F will be sustained, but 
in circuit C,L’, there may also be produced oscil- 
lations of an entirely different frequency f. This 
frequency f is primarily conditioned by the cir- 
cuit components C: and L's, but it also depends 
on the apparent capacity offered by the micro- 
ray valve. This capacity is, so to speak, shunted 
across condenser Cz. 


This valve capacity has been found to vary 
according to the micro-ray voltage applied across 
the oscillating electrode. This can be explained 
as a result of a variation of the dielectric constant 
of the medium between the valve electrodes, the 
variation being caused by a corresponding varia- 
tion of the density of electrons in the same 
medium. 

When an incoming micro-ray wave of suitable 
frequency is impressed on antenna Age, the high 
frequency potential along the oscillating elec- 
trode is varied and the apparent capacity shunt- 
ing C is also varied. These variations follow the 
change in amplitude of the incoming micro-ray 
wave. Therefore, the frequency which is pro- 
duced in circuit C2L’ undergoes a variation, and 
a frequency modulation of the intermediate 
frequency f is obtained, its amplitude remaining 
substantially constant for suitable adjustments 
of the voltages impressed on the micro-ray valve. 
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This local frequency modulated wave is sub- 
sequently transformed into an amplitude modu- 
lated wave by means of a resonant circuit and 
is then passed to the usual amplifying and 
detecting equipment. Additional low frequency 
amplification may be used, followed by a second 
detection, the signal then being applied to a 
standard volume indicator. 

It is easy to adjust the 29 cm. receiving valve 
so that the intermediate frequency produced in 
circuit LıCı is the same as that produced in 
circuit CL’ in the absence of any external micro- 
ray signal. 

Comparison between signal levels and local 
noise levels can then be effected easily by means 
of the switch J. A series of long dashes was sent 
from the transmitters at frequent intervals, and 
measurements were based on the number of deci- 
bels of attenuation which it was necessary to 
take out of the measuring circuit in order to 
bring the noise level up to the same level as the 
signal. The results of the measurements are given 
on the accompanying charts (Figs. 6 to 10 in- 
clusive). Though such results do not lead to any 
clear explanation of the propagation circum- 
stances, they have definitely proved that these 
circumstances differ widely according to the 
wavelengths used, at least on the circuit under 
investigation. 

The effect of the tide appears to be masked 
by irregularities in the flow of water in that part 
of the English Channel over which transmission 
took place. Certainly, results varied from day to 
day and transmission conditions appear to be 
different when the sea is smooth or rough. 

Local interference in front of the receiving 
reflector is of very great importance. People 
walking along the cliffs caused very large sudden 
changes in the received signal strength. A similar 
effect occurred when ships were crossing the line 
of the beam at a certain distance. It can thus be 
inferred that an important part of the signal 
strength instability comes from the changes in 
the local interference pattern. 

The effect of purely meteorological conditions 
could not be detected with reliability. As previ- 
ously noticed, fading is apt to occur more fre- 
quently when the weather is hot, the humidity 
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high, and the wind light. The signal strength on 
all three wavelengths was, as a rule, more stable 
in the morning than in the afternoon. ` 

Reliable measurements have been taken for 
117 hours during which the 18 cm. signal strength 
remained 18 db. above noise level for 99 hours; 
the 20 cm. signal strength remained 18 db. above 
noise level for 94 hours; and the 29 cm. signal 
strength remained 18 db. above noise level for 
96.5 hours; that is, 84.6% of the time for 18 cm.; 
80% of the time for 20 cm.; and 82.5% of the 
time for 29 cm. 

If we now compute the percentage of time 
during which a combination of any two wave- 
lengths would have produced signals remaining 
18 db. above noise level, the following results are 
obtained : 


18 cm.+20 cm.—94% of the time; 
18 cm.+29 cm.—90% of the time; 
20 cm.+29 cm.—96.6% of the time. 


These results, which apply to a period of time 
which was particularly unfavourable to micro- 
ray propagation, bear out the conclusion that 
the use of two wavelengths would definitely im- 
prove traffic reliability on the circuit under 
investigation. 

Another interesting result from the tests was 
the development of a new method for receiving 
continuous wave micro-ray telegraphy." 

Referring again to Fig. 4 and considering, for 
instance, the 20 cm. receiving valve, the fre- 
quency f of the local oscillations in circuit CoL’s 
can be adjusted in the absence of incoming sig- 
nals to give a zero beat-note with a local stable 
auxiliary oscillator ». As soon as a signal, a 
dash for instance, arrives on antenna A», the 
frequency of the local oscillation produced in 
CL’. is altered and becomes fı, and the altered 
intermediate frequency fı and the local stable 
frequency ¢ produce a beat-note ¢—f, in the 
detector equipment. If the amplitude of the sig- 
nal impressed on A» varies within certain limits, 
the frequency of the beat-note obtained varies. 
correspondingly, but not its amplitude, so that 
the system to a certain extent provides a means 
for the correction of fading. 
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Some Examples of Growth Curves* 


By H. C. PLESSING, 
Chief Engineer, Jydsk Telefon-A ktieselskab, Aarhus, Denmark 


SUMMARY: The present coniribution first explains the application of growth curves in 
some special cases in the field of telephony and the importance of knowing the laws 
of growth in this field. Later it is shown how it is possible to adapt such curves to 
represent the increase in the number of subscribers within districts with different 
possibilities for development, and finally how the depreciation of composite planis may 
be influenced by growth curves of the kind treated here. 


Introduction 


NE of the first problems to present itself 
in engineering a telephone plant is the 
question of the incorporation of suitable 

reserve equipment. 

In order to answer this question, it is necessary 
to make an estimate in each case of the increase 
to be expected in the number of subscribers or 
conversations in a period corresponding to the 
life of the plant under consideration, including 
not only the district but also connecting traffic 
centers. As every essential alteration in the 
increase thus estimated affects the profitableness 
of the plant, it is important to know the laws 
of the movements and growth involved. 

Professor Axel F. Enstrém’s article ‘“Fram- 
stegslinien’’ (The Growth Curve) in the Nordisk 
Tidsskrift for Teknisk Økonomi, Nr. 1, 1935, 
prompted the author to take up some previously 
commenced investigations relating to increase in 
the number of subscribers and telephone density 
(i.e., number of subscribers per 100 inhabitants) 
within districts having different possibilities for 
development. A brief account of the results 
obtained may be of interest to readers of this 
journal. 


Growth Curves 


When estimating future growth, it seems 
natural to build on the knowledge of the de- 
velopment in the immediately preceding years, 
and it would appear that the estimated growth 
may be represented by the tangent to the 
progress curve. If this curve, however, has the 

* Translated and Reprinted from ‘Nordisk Tidsskrift 


for Teknisk Økonomi”? (Nordic Journal of Technical 
Economy), Nr. 5, September, 1936. 


Fig. 1. 


appearance shown in Fig. 1 and the size of the 
plant is determined according to the tangent at 
Aj, including a reserve intended to meet require- 
ments for the period (xı to x1’), the plant would 
actually be filled up prematurely by (x1 to x1”) 
years. The opposite would be the case if the plant 
were designed according to the tangent at Ag; 
in this case the plant would cover the needs for 
(x"’ to xz’) years longer than intended. 

If the increase is considered not to progress 
linearly, it can be represented within limited 
periods by either: 

y= ce (1) 
y=a—ce (2) 


Curve (1), representing an infinitely increasing 
growth, assumes: firstly, an unlimited potential 
expansion in the number of units; and, secondly, 


F F d 
a fixed ratio between the rate of increase oe and 
x 


the number of units, y, currently required (see 
Table I). c, for example, may represent invested 
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capital earning a return at compound interest, 
and b the ‘‘force of interest,” where b=log, (1-+7) 
and r is the rate of interest per annum. 

Curve (2), on the contrary, assumes: firstly, 
limited potential expansion in the number of 
units, the curve becoming asymptotic to y=a; 
and, secondly, a fixed ratio between the rate of 


? d 
increase = and the numbcr of future units 
x 


required (see Table I). 

In a transition period—possibly as a con- 
necting link between (1) and (2)—the increase 
may be represented by the above mentioned 


: . ad. 
linear form of growth for which ma is constant. 
Xx 


As the growths investigated were all similar to 
that shown in Fig. 1, the three above mentioned 
curves could only be used to represent growth 
within limited periods; and it was therefore 
natural to attempt to find a single curve which 
could represent the whole course. As likely to 
fit the purpose, amongst others, two curves in 
the above mentioned article, and proposed by 
Pearl and Reed and Professor Axel F. Enstrém, 
respectively, were tried. Both have been em- 
ployed to represent different courses of pro- 
duction. 

In the expression for the first of the two 
proposed curves, a constant ¢ was introduced 
for adjustment, thereby giving it the form in 
which it was tried: 


a 


Thee 


B! 


1 This equation is also used to represent growth of 
population, see for instance ‘‘The Biology of Population 
Growth,” by Raymond Pearl, New York, 1925. 


Yad ASYMPTOTE 


COURSE OF THE CURVE: y-ae * 


b 
Fig. 2—Course of the Curve: y=ae 7, 


This curve, however, is symmetrical with 
respect to the inflexion-point. None of the 
growths investigated, however, displayed this 
characteristic; and, since it developed that the 


second curve, 
b 


y=ae *, (4) 


fitted particularly well for the representation of 
the growths under investigation, this curve only 
was used. 

The appearance and application of this curve 
to the representation of production is described 
in the previously mentioned article.? It shows, 
as will be evident from Fig. 2, some simple 
properties, particularly as regards coordinates 
and tangent; that is, the point of inflexion and 
the point at which the tangent passes through 


2 See further: “Om Karnlinier i ekonomisk-statistiska 
kurvor,” Ymer, by A. F. Enström, 1925, Nr. 3 and 4. 


TABLE I 
Some Characteristic Coordinates 
dy _ p Py pn 
y=f(x) I T (x) gaT o) 
for x=0 is Inflexion Point Asymptote 

y= cet by bey y=c 
y=a—ce™ b(a—y) b(y—a) y=4a—>c y=a 

_ a b re £ _ a _logec, | a = 
Th ce peT’) we y)(a—2y) l=TFe =p) Da y=a 

è by b(b— 2x) b _@ = 

ysa” 2 a a aah sa ore a 
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Fig. 3—Development of the Number of Subscribers in Randers 
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Number of Subscribers as of January 1, 1936...... 3,235 


Number of Inhabitants as of January 1, 1936 
approximately 39,200 


the origin. This curve is thus easy to adjust.’ 
The main data concerning it and the above 
mentioned curves are given in the table below: 3 


b 
Practical Application of the Curve y =ae  *] 


Figs. 3 to 5 illustrate the application of this 
curve to the net increase in the number of sub- 
scribers in Jutish towns in the period 18964-1936. 

The computed curves are shown in dotted 
lines. 

From the curves—see for instance the one 
representing the net increase in the number of 
subscribers in Randers—it will be seen how 
differing conditions in the two periods before 
and after the Great War gave rise to perceptible 
deviations from the computed curve. All the 
cases treated seemed to have the character of a 
“secular trend.” By further attempts with similar 
representations of increase in the number of 
subscribers in other Jutish towns of different 
size, quite corresponding results were obtained. 


3 Some mathematical properties of a similar curve 
1 


y=e* are also described in ‘Cours d’Analyse,” by Ch. 
Sturm, Paris, 1905, p. 313. 

*The year when the Jydsk Telefon-Aktieselskab was 
founded by the fusion of a number of different minor 
companies. 


In the cases investigated the starting point of 
the curve was fixed in the period 1882-1884, 
corresponding to the time when the increase in 
the number of telephones commenced in the 
towns concerned; and it was possible to place 
the inflexion point in the period 1912-1916. 

For some few towns, and especially Aarhus 
(see Fig. 4), where the growth has had a linear 
character over a longer period and where, con- 
sequently, some uncertainty prevailed regarding 
the position of the inflexion point, it is possible 
that future development will prove that the 
inflexion point should be advanced somewhat. 

A similar mathematical representation of the 
increase in telephone density within a certain 
district will be somewhat more complicated, 
because it will appear as the ratio between two 
curves with different conditions of growth 
(number of inhabitants and number of sub- 
scribers). 


Conclusion 


In addition to being used, as mentioned in the 
introduction, for determining the initial cost of 
the plant and for throwing light on the number 
of revenue yielding units within a particular 
district, growth curves of the kind treated here 
may also directly influence the calculation of the 
depreciation rate (per cent. per annum) for 
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Fig. 4—Development of the Number of Subscribers in Aarhus 
(excluding Suburbs) 
Number of Subscriberstas of January 1, 1936...... 9,185 
Number of Inhabitants_as of January 1, 1936 
approximately 90,500 
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TOTAL NUMBER OF 
SUBSCRIBERS IN THE TOWNS. 


5040 


= 


30 


1896 4004 1920 4928 1036 1944 


Fig. 5—Development of the Number of Subscribers in All 
Towns in the Territory Served by the Jutland 
Telephone Company 
Number of Subscribers as of January 1, 1936..... 
Number of Inhabitants as of January 1, 1936 
approximately 517,500 


1912 


44,087 


composite plants constructed at different times 
but scrapped simultaneously. 

The calculation of the depreciation of such 
composite plants is treated thoroughly by Pro- 
fessor P. O. Pedersen in an article, ‘‘Afskrivning 
paa tekniske Anlaeg’’ in ‘Polyteknisk Tids- 
skrift, Ingeniør og Samfund,” Nr. 7—12, Copen- 
hagen, 1929.5 

Only a single typical example near at hand, 
therefore, will be briefly cited, i.e., pole lines with 
open wire. 

5 This article has been reprinted in somewhat abbreviated 
form: “On the Depreciation of Public Utilities,” by P. O. 


Pedersen, included in: ‘‘Miscellaneous Papers,” Copen- 
hagen, 1934. 


If such a plant is built with a certain number 
of wires, which increase in proportion to the 
increase in the number of subscribers, a moment 
may arrive when it may, for different reasons, 
be considered advisable to take down a greater 
or lesser number of the wires and replace them 
with underground cables. The wires removed 
will then be of different age, and there will be 
among them some which, while not entirely 
depreciated, represent little or no value when 
taken down. Since the calculation of the rate of 
depreciation for the whole group of wires is 
based on its average life, the curve representing 
growth will influence the calculation of the 
average life that determines the depreciation 
rate in question. 

Attention may finally be called to the following 
circumstances. The telephone density may differ 
widely in different quarters, especially in the 
larger cities where this difference can be very 
pronounced. In addition to knowing the growth 
curves of the kind herein treated, for the dif- 
ferent quarters, it is therefore necessary further 
to know something of the character of the future 
developments relating to the building up of the 
town, and this not only for the suburban 
quarters, but also for the central portions, since 
centrally located quarters with small telephone 
density are frequently transformed into business 
sites with great telephone density. 

For an engineer employed in the planning of 
extensions of telephone plant in a town of 
considerable size, the building plan of the town, 
if available, may therefore also provide a 
valuable aid. 


X-Rays in Vacuum Tube Manufacture 


By W. T. GIBSON, O.B.E., M.A. 
Standard Telephones and Cables, Limited, London, England 


and 


G. RABUTEAU 


Les Laboratoires Le Matériel Téléphonique, Paris, France 


OENTGEN , in 1895, while experimenting 
with highly exhausted vacuum tubes, 
discovered that under certain conditions 

they emitted invisible rays with unique prop- 
erties. Once a scientific curiosity, these rays— 
designated as X-rays because of uncertainty as 
to their nature—have become one of the most 
important tools available to modern industry. 

The rays are produced when high speed elec- 
trons are stopped suddenly by collision with a 
metal anode. While for a long period the nature 
of the rays remained undecided, it was finally 
shown by Bragg that it was electromagnetic 
radiation of a wavelength considerably shorter 
than that of visible light. Von Laue and Bragg 
showed how it was possible to obtain diffraction 
effects by using a crystal as a diffracting grating. 
However, except in the special arrangements 
adopted to make use of this effect, as in X-ray 
crystal examination, the radiation can be con- 
sidered as traveling in straight lines and not 
being subject to reflection or refraction. 

The important characteristic for radiographic 
work is absorption, which varies with the ma- 
terial and which is a property of the atoms and 
not of the chemical compounds. The heavier the 
atoms, the greater is the absorption. The wave- 
length of the radiation produced by the X-ray 
tube decreases as the voltage applied to the tube 
increases, and at the same time it becomes more 
penetrating. Consequently, for the examination 
of objects of heavy materials, it is necessary to 
use high voltages. 

The intensity of the radiation increases as the 
current through the tube increases. This does not 
affect the penetration of the rays but reduces the 
exposure required to obtain a negative of given 
density. 


Fig. 1—High Tension Rectifier—Les Laboratoires Le Matériel 
Téléphonique, Paris. 


In industrial radiography of vacuum tubes, the 
chief application is the photography of the 
interior of water cooled tubes through the anodes. 
These anodes may consist of 1.5 cm. total thick- 
ness of copper and the objects to be observed, 
i.e., the filament and grid structures, consist 
chiefly of molybdenum or tungsten which are to 
be seen by contrast on the negative. For this 
purpose, the most useful X-ray tube voltages are 
from 140,000 to 180,000 volts. The tube equip- 
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ment, therefore, involves a high tension generator 
for providing these voltages and a tube current 
of the order of 3 or 4 milliamperes, as well as the 
electrical protective features necessary for safely 
handling the equipment. 

The high tension generator may take one of a 
number of forms. For the high voltage work 
with which the authors are dealing, it is custom- 
ary to supply the X-ray tube with unidirectional 
current so that some form of rectifier must be 
used. The X-ray tube itself acts as a rectifier but 
it is unsatisfactory for this purpose when working 
with high power, inasmuch as the target may 
operate at a temperature sufficiently high to 
emit electrons. In this event, breakdown would 
occur when the tube ceases to act as a rectifier. 
Mechanical rectifiers are used to some extent but 
are, of course, very cumbersome and noisy; both 
the installations to be described below operate 
with valve rectifiers. i 

The X-ray tube itself consists of a highly 
evacuated glass bulb provided at one end with a 
stem carrying a filament and, at the other, a stem 
carrying the. target or anticathode, which is 
located close to the filament. The filament is a 


Fig. 2—X -Ray Chamber, Paris Laboratories. 
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Fig. 3—X-Ray Tube Compartment, Paris Laboratories. 


coiled tungsten wire heated by a current to a 
temperature such as to provide a total emission 
of the required value. The anticathode is a 
button of tungsten mounted on a water cooled 
copper rod or on a massive tungsten rod. The 
face of the anticathode is at an angle to the 
direction of arrival of the electrons: The high 
voltage is applied to the tube with the positive 
pole connected to the anticathode, the electron 
current from the filament causing intense bom- 
bardment and producing the X-radiation. Since 
the anticathode operates at an extremely high 
temperature, the recommended maximum ratings 
for the tube must be strictly adhered to or it may 
be permanently damaged. 

When X-rays strike any object, part of the 
energy is scattered in all directions from it with a 
longer wavelength. This is called secondary 


Fig. 4—Interior of Righi-Hand Compartment of X-Ray 
Chamber with Vacuum Tube in Position. 


radiation and it in turn, falling on other objects, 
will be scattered again. 

This radiation is, therefore, very difficult to 
control, and the only way of stopping it is by the 
use of an appropriate thickness of lead sheet, say 
3 millimeters. It must, however, be properly 
controlled for the safety of the operator since the 
effect of small doses is cumulative and can lead 
eventually to anaemia and general debility. It 
is, therefore, necessary to take suitable protective 
measures and also to provide for periodical 
medical examination of the operators who might 
be exposed to the radiation. The examination, 
apart from a general one, usually involves a 
count of the red corpuscle concentration of the 
blood. 

The problem of protection of staff can be 
solved in two ways, and the installations in the 
Paris Laboratories and in the Valve Department 
of Standard Telephones and Cables at Woolwich 
represent the different methods. 
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In the Paris installation, a rectifier unit con- 
sisting of a high voltage transformer and suitable 
high vacuum rectifiers is installed in a room 
which is completely separated by grounded 
screens from the operating section. The high 
voltage is fed into the X-ray tube chamber in 
which an air cooled tube is mounted. This 
whole chamber is built of lead with tightly 
fitting doors, and is provided with a window 
having a lead shutter for the admission of the 
radiation to the camera box, which is a very 
large lead box with heavy lead doors and which 
contains the support for the object to be radio- 
graphed and the film. The X-ray tube and the 
object being examined are thus completely en- 


Fig. 5—Control Desk, Paris Laboratories. 
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Fig. 6—Complete X-Ray Unit, Valve Department, Standard 
Telephones and Cables, Limited, Woolwich. 


closed in lead and the operator is quite protected 
from radiation. 

Fig. 1 shows the high tension rectifier which 
comprises a high voltage transformer having its 
mid-point earthed, two half-wave high tension 
tungsten filament rectifiers, two high tension 
condensers and the necessary filament trans- 
formers, voltmeter and control for the adjust- 
ment of the filament voltage of the rectifier 
tubes, and the X-ray tube. 

The unit is fully protected by appropriate 
earthed screens. The positive and negative termi- 
nals of this rectifier, which is rated to deliver 
continuously 200,000 volts and 10 milliamperes 
d-c., are connected to aluminium bus bars of a 
diameter large enough to avoid Corona effect. 

Fig. 2 shows the X-ray chamber which is an 
iron frame covered with 5 mm. lead and provided 
with doors giving access to two different com- 
partments. The compartment on the left contains 
the X-ray tube; the other, the vacuum tube to be 
examined. ; 

Fig. 3 shows the X-ray tube compartment, the 
door being open. The X-ray tube, which is of 
the air cooled type, is mounted on appro- 
priate insulators. The high tension is fed to the 
cathode and anode of the tube through bushings 
fixed on the panel at the left of the chamber and 
made with an insulating material containing a 
considerable amount of lead oxide in order to 
prevent X-ray radiations from passing through 
them. 

A fan is arranged on the top of the X-ray tube 


chamber for removing the ozone produced in the 
chamber by the high voltage field around the 
conductors. 

A glass window on the front door enables the 
operator to supervise the operation of the X-ray 
tube. The glass used for this window contains 
about 20% of lead and its thickness is great 
enough to provide the same protection as that of 
the other parts of the chamber. 

Fig. 4 shows a view of the interior of the right- 
hand compartment of the chamber with a 
vacuum tube in position for examination. 

The tubes can be placed in position in a few 
seconds by means of appropriate supports. Each 
tube to be examined is photographed in two 
directions at suitable angles depending on its 
inner construction. The tube supports are ar- 
ranged so as to determine with accuracy the 
position of the tube for each of the two photo- 
graphs taken. From the latter, the location of any 
part inside the tube can be accurately determined. 

Provision has been made to render possible, 
when required, the application of filament voltage 


Fig. 7—X-Ray Tube and Camera, Woolwich. 
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Fig. 8—Installaiton for Routine Examination of Water Cooled Tubes, Woolwich. 


to the tube during examination, so that defor- 
mation of the filament when hot or during the 
heating and cooling cycle can be recorded. 

The film is contained in a suitable chassis 
having an aluminium window which is held in 
position by means of appropriate rails, one of 
which can be seen on the right of the tube in 
Fig, 4. 

Fig. 5 shows a view of the control desk which 
comprises devices for the remote control of the 
output voltage and current together with the 
necessary meters. A push button controls the 
contactor applying the high voltage. In order to 
protect the operators, contacts mounted on the 
door remove the power as soon as a door is 
opened. 

The equipment installed in the Valve Depart- 
ment of Standard Telephones and Cables, on 
the other hand, consists of what is called a self- 
protected X-ray unit. Fig. 6 shows the complete 


unit. The large steel box contains all trans- 
formers, rectifiers, insulated water circulating 
pump and water cooling radiator together with 
control gear. The tube is shown mounted on its 
stand and in its housing. The X-ray tube has a 
water cooled target and is connected to the high 
voltage generator unit by flexible cables. One of 
these contains, in addition to the negative lead 
of the H.T., wires for the filament supply. The 
other contains the positive lead of the H.T., and 
inlet and outlet hoses for the water cooling, the 
water being circulated by the insulated pump 
and passing through the radiator in the trans- 
former box. The flexible cables are metal sheathed 
and earthed. The X-ray tube itself is completely 
surrounded by a mctal earthed shield. The whole 
unit is thus completely electrically protected. 
The mid-point of the high tension circuit is 
earthed and thus the cables have to support 90 
kilovolts each. 
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The X-ray tube shield is also a very efficient F 
radiation screen and the intensity escaping, | 
except via the window, is reduced to a safe level. | 

The X-ray tube used in this equipment is of 
special type, which has a grid between the 
filament and anode. A negative voltage is applied 
to this grid in such a way that the anode current 
only flows at the time when the anode voltage is 
close to its peak value. As a result, the heating | 
of the anode only takes place at the moment 
when the most useful rays are being produced, 
thus increasing the effective rating of the tube, 
and at the same time there is a very considerable 
reduction in radiation of the unwanted softer | 
rays. 

The tube is mounted on a universal stand, and 
its position can be adjusted rapidly for any 
special use. For the general work of photo- 
graphing water cooled tubes, the window of the 
tube is placed in contact with the window of a | 
large lead cabinet which is fitted with special | 
tube holders and film carriers so that the time 


Fig. 10—Radiograph taken with Lead Table Set-Up. 


required to set up for a picture is reduced to a 
few seconds. The whole apparatus is controlled 
by a single push button plus a voltage selector. 
The tube in position against the camera is shown 
in Fig. 7. , 

This equipment, being flexible, can fairly easily 
be set up for any special and unusual job or even 


Fig. 9— Interi Camera showing a Vacuum Tube in 3 
se a for Eraminähon, Woolwich. be moved bodily to another part of the factory 
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Fig. 11—Radiograph of the 4304-A Vacuum Tube. This 
Tube has a Carbon Anode, which is Invisible in the 
Reproduction, 


for the examination of equipment that cannot be 
moved. Recent jobs have included the exami- 
nation of the welds of parts of machinery in 
pieces 14 feet long. 

Two self-starting electric clocks are provided, 
one of which measures the filament burning 
time of the X-ray tube, and the other the total 
time of application of the high voltage. 

Fig. 8 shows the installation at the Woolwich 
factory for the routine examination of water 
cooled tubes. The cabinet on the right is the 
camera, made of thick lead. 

Fig. 9 is a view of the interior of the camera 
and shows a vacuum tube in position for exami- 
nation. Tubes can be placed in position in a few 
seconds with very exact positioning. The hinged 
door on the left carries intensifying screens, if 
used, and the film holder. 

The actual process of taking the radiograph is 
sometimes carried out with, but more usually 
without, intensifying screens. In either case, a 
thin steel screen is placed between the vacuum 
tubes and the film to improve the contact. The 
exposures are short and rarely exceed one minute. 

While the majority of the work handled is of a 
routine nature capable of being quickly dealt 
with by this apparatus, it often happens that it is 


necessary to examine other articles. For this 
purpose a heavy lead table has been built. The 
lead is wood covered but gives very considerable 
protection to the operator. The tube in this case 
is used in a horizontal position. Fig. 10 is a. 
radiograph of a piece of apparatus for which this 
set-up was employed. 

The normal routine in Standard Telephones 
and Cables requires that every water cooled tube 
be photographed during its manufacture in two 
directions at right-angles. New types of tubes 
are often photographed a greater number of 


Fig. 12—Radiograph of Part of a 4030-B Vacuum Tube. 
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times until all manufacturing troubles have been 

eliminated. , 
The process has been found of very great value 

in improving the quality of the tubes, and the 

defects which are completely eliminated, for 

nstance, are such as: 

Inaccurate centering or alignment of electrodes, 

Distortion of electrodes during exhaust, 

Thin spots in anodes, 

Burnt out, distorted, or loose turns on grids, 

Filament anchor connectors not screwed com- 
pletely home. 

Figs. 11, 12, and 13 illustrate typical radiographs. 


The use of this equipment has undoubtedly. - 


prevented the shipment of apparently perfect 
tubes which contained hidden defects. The re- 


jection of work as a result of examination of the 


radiographs also has had a certain moral effect on 
the operatives, resulting in a very marked im- 
provement in the standard of the work. 

While the main function of the apparatus is the 
radiography of water cooled tubes, it is frequently 
found to be of value to photograph glass tubes, 
especially of the multi-electrode type, to de- 
termine the reasons for defects. Previously, when 
such tubes were cut open for examination, the 
process of dissection itself disturbed the very 
errors of assembly, etc., for which search was 
being made. In such cases, two photographs are 
often taken, the X-ray tube being slightly dis- 
placed between the exposures. The negatives are 
then examined in a stereoscope to give a good 
idea of the spatial arrangement of the electrodes. 

The X-ray apparatus has proved itself an 
indispensable tool in vacuum tube manufacture 
and its value is such that its application will 
gradually be extended to wider fields in the 
manufacture of communication apparatus. 


Fig. 13—Radiograph of the Filament Siem of a 4030-B 
Vacuum Tube, showing Concentric Filament Leads and the 
Flexible Nature of the Inner Lead. 


An Experimental Television Transmitter 


By S. VAN MIERLO AND P. GLOESS 


Les Laboratoires Le Matériel Téléphonique, Paris, France 


General 


FTER preliminary work on television 

pick-up equipments, a complete system 

for ultra-short wave transmission and 
reception of film pictures was prepared in 1935 
by Les Laboratoires Le Matériel Téléphonique, 
Paris. A series of tests was made between 
Avenue de Breteuil and Champs-Elysées and the 
results were comparable to those obtained else- 
where in Europe at the time. The television 
transmitter used an arc lamp and a scanning 
disc. 

In view of further studies in connection with 
television problems, and particularly the develop- 
ment of terminal equipment and amplifiers for 
transmitting television signals through cables, it 
was decided to build a new laboratory film 
scanner having the following characteristics: 


(1) Easy operation and maintenance, 

(2) Number of scanning lines to be easily ad- 
justable from 180 to more than 400 
lines. 


In order to satisfy the first requirement, the 
use of an arc lamp as light source was excluded. 
With such a lamp, it is very difficult to obtain a 
steady illumination and the time required for 
maintaining the equipment in proper adjust- 
ment, etc., is relatively great. 

The second requirement eliminated the use of 
a scanning disc which would involve changing 
the disc when passing from one number of lines 
to another. 

The simplest and probably the most satis- 
factory solution was to give a continuously 
vertical movement to the film and to scan it 
horizontally by means of the image of the spot 
produced on the screen of a cathode ray tube. 
The more complicated tubes used lately for 
television pick-up are not so interesting for film 
scanners. 

The light, modulated by the film, is directed 
into a photoelectric cell. 

The complete scanner, with most of the covers 


Fig. I—Comblete Scanner. 


removed from the panels, is illustrated in Fig. 1. 
A short description of the different parts is 


_ given below. Fig. 2 shows the general circuit 


arrangement. 


Frequency Generator 


For a given number of scanning lines, it is 
necessary to have available a corresponding 
frequency for the production of synchronisation 
signals which control the movement of the spots, 
both of the scanning cathode ray tube and of 
the distant receiving tubes. 

These frequencies must be multiples of the 
main current frequency so that any pattern 
visible on the receivers, as a result of incomplete 
filtering, has a fixed position on the screen. In 
case of non-synchronisation, a “hum” pattern 
would travel slowly across the image and cause a 
very disagreeable visual impression. 

A group of panels is provided for obtaining 
multiples of the fundamental frequency, the 
following frequencies having been considered 
more especially: 4,500, 5,625, 6.000, and 10,125 
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cycles per second. A large number of other 
frequencies can be obtained if required. 


Synchronisation Signal Generator 


The sinusoidal currents of the generators are 
transformed by a series of circuits into a suc- 
cession of very short impulses. These are used 
to control the relaxation oscillator of the scanning 
cathode ray tube and are also sent to a mixing 
panel described below. The methods used are 
such that extreme stability is obtained. A 


cathode ray tube is provided to check the shape © 


of the synchronising signals.and, in general, to 
control the operation of the above equipment. 


Scanning Cathode Ray Tube 


This is a very special cathode ray tube, ful- 
filling the following conditions: 


(1) Very brilliant and small spot, 

(2) Afterglow of less than 1 microsecond, 
(3) Uniform screen, 

(4) Reasonable life. 


It is well known that all screen materials do 
not only produce light during the time they are 
bombarded by electrons, but remain luminescent 
some time after. The first effect is usually 
fluorescence, the second phosphorescence. This 
afterglow should be of very short duration in 
the present case; for, otherwise, the horizontal 
definition would be insufficient, several picture 
elements being illuminated simultaneously. It is 
difficult to reduce this time to less than 1 micro- 
second but, fortunately, it is possible to improve 
conditions by making use of the fact that the 
wavelength of maximum amplitude of the after- 
glow (some 6,000 Angstrém) is different from 
that of the first glow (some 5,400 Angstrém). 
It is therefore possible to eliminate to some 
extent the effect of the afterglow by using a 
filter or else a photo-cell which is much less 
sensitive to the afterglow. 

There is no doubt that cathode ray tube 
technique can be greatly improved and that, in 
the future, very satisfactory tubes even for the 
highest definitions will become available. 

In order to produce sufficient light, anode 
tension must be rather high: 6,000 volts have 
been used thus far in these Laboratories. De- 
creased illumination, which tends to increase the 
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Fig. 2—General Circuit Arrangement of Scanner. 


life of the tube, apparently results partially from 
decreased cathode emission and partially from 
the aging of the screen. Decrease in cathode 
emission can be avoided practically. To increase 
screen life the spot is not moved along a single 
horizontal line, but scans a surface of adjustable 
height, thus also avoiding a light saturation 
effect in the screen. A small portion of the 
pictures or of the intervals between pictures is 
lost by this method but this is inconsequential 
in practice. 

The circuits are arranged also for scanning the 
film when at rest. 

The sweep circuits are carefully designed to 
produce a very uniform scanning. 

A monitoring cathode ray tube, operated with 
the same circuit as the scanning tube, is arranged 
to receive the picture signals and so to reproduce 
the picture. The effect of any adjustment, there- 
fore, can be controlled immediately by the 
operator. 


Film Moving Apparatus and Optical Sys- 
tems 


A special and compact unit has been developed 
for moving the film vertically in a very uniform 
way. A sound head is provided and a high grade 
optical system is used to project the scanning 
spot on the film with little loss of light and 
definition. 


Photo-cell and Amplifiers 


The amount of light passing the transparent 
parts of the film is extremely small (for instance, 
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less than 10-* lumen for a definition correspond- 
ing to 240 lines) and an amplification of more 
than 100 db. is needed to obtain normal signals. 
Electron multipliers of special design can solve 
the problem but, since they were not available 
in time, it was necessary to develop an amplifier 
using vacuum tubes. 

As previously mentioned, the photo-cell must 
have a special sensitivity curve adapted to the 
spectrum of the scanning ray tube. Unfortu- 
nately, cells having the required maximum of 
sensitivity are not very efficient, as a current of 
only about 10 microamperes is obtained per 
lumen. Doubtless, improvement can also be 
expected in this direction. 

One of the difficulties in the design of the 
amplifier is the wide frequency band, com- 
mencing at some 10 cycles per second and extend- 
ing to some 2 megacycles per second. It is some- 
times considered easier not to amplify this band 
as it is, but to use a carrier modulated by the 
signals. To take full advantage of this method, 
it would be necessary to use a rather high fre- 
quency for the carrier and it then becomes very 
difficult to handle the signals. The modulation 
process, furthermore, must be applied carefully 
to avoid intermodulation. The modulation 
method, therefore, presents serious difficulties 
and it was decided to use, tentatively at least, a 
straight amplification of the normal frequency 
band. 

The main problem in the amplifier, however, 
is that of noise. In addition to noise due to 
mechanical vibration and to interference from 
outside, it is well known that, with small input 
levels, the noise due to thermal agitation in the 
resistances and to various causes in the tubes 
becomes comparatively important. Tubes must 
therefore be chosen carefully or be made specially 
to reduce shot and flicker noise and to avoid 
ionisation and secondary emission.! 

The noise due to thermal agitation can be cut 
down by choosing certain circuit conditions. 
The following calculation gives in a simple way 
a guide for the choice of the circuit elements. 

The simplified circuit of Fig. 3 shows the 
coupling between a photo-cell and a vacuum 
tube. Z is the current in the photo-cell, R the 


1“Fluctuation Noise in Vacuum Tubes,” by G. L. 
Pearson, Bell System Technical Journal, October, 1934. 


Fig. 3—Simplified Circuit showing Coupling between a 
Photo Cell and a Vacuum Tube. 


combined resistance of a resistor and the insula- 
tion of the photo-cell and tube, C the combined 
capacity of the photo-cell, the resistor, the tube, 
and the wiring. The value of the signal potential 
difference E, at the input of the tube is 1XZ 
when Z is the impedance of R and C in parallel. 
We have, therefore: 
TR 


E; =m . 
VIERE 


The potential difference of the thermal agita- 
tion noise at the input of the tube for a frequency 
band equal to 1 is 


Er=2VkTr 


as shown in an article in the Physical Review,* 
where k is the Boltzmann constant, T the 
absolute temperature, and r the resistive com- 
ponent of the combination of R and C in parallel. 
It is very important to note that it is not R, 
but r which is to be used in this formula. 

We find finally that the ratio signal to noise is 
equal to 


Since k cannot be controlled, changes in T are of 
little help. It will therefore be seen that besides 
increasing J as much as possible, the resistance 
R should also be increased. The high frequencies 
will then be attenuated much more than the low 
frequencies, but a correction can be made later. 

The upper limit of this resistance is determined 
partially by the fact that it is not advisable to 
reach values corresponding to the insulation 
resistances and the leakage resistance corre- 
sponding to the grid current of the tube unless 
these are maintained very stable, and partially 
by the consideration that there is no reason to 
increase the resistance further when the thermal 


2 “Thermal Agitation of Electric Charge in Conductors,” 
by H. Nyquist, Physical Review, July, 1928. 
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agitation noise becomes of the same order as the 
tube noises. 

These considerations led to the use of a photo- 
cell resistor of unusually high resistance (50 
megohms). 

The unavoidable thermal noise in the plate 
circuit can be reduced by employing small plate 
tensions and large outside resistances. Elimina- 
tion of noise due to extraneous causes requires 
mechanical and electrical filtering. 

Fig. 4 shows the circuit of one of the amplifiers 
used during the development period. Without 
special precautions, the use of a very high input 
resistance would cause overloading of tubes at 
low frequencies. In the present case, the ampli- 
tude distortion due to this input circuit is cor- 
rected partially by the plate circuit of the first 
tube. La and Ra are chosen in such a way that 
the signal-to-noise ratio is not decreased appreci- 
ably. A resistance R, is placed in the cathode 
circuit of the first tube, which is a high frequency 
pentode and which, by negative feedback, de- 
creases somewhat the noise due to its anode 
current. The voltage drop in this resistance is 
also used to obtain the required potential at the 
control grid. 

As the impedance of the anode circuit is very 
small at the low frequencies, the anode battery 
and filtering circuit is not included in the 
coupling circuit. The battery is used also to 
polarise the photo-cell. 

The only special feature of the second stage is 
the very high resistance value of the anode 


resistor. The third stage provides a further 
correction of the amplitude distortion, and is 
very similar to the first. The fourth stage is 
arranged to adapt the amplifier to a short 
coaxial cable leading to a second amplifier. 


Mixing Panel and Line Amplifier 


The amplified television signals and the syn- 
chronisation signals can be mixed together in 
various proportions as required. 

As signals will usually be transmitted over a 
certain length of cable having an impedance of 
the order of 70 ohms, a line amplifier is provided 
in order to obtain a sufficient voltage at this low 
impedance. 


Switching and Safety Arrangements 


By means of switches it is possible to change 
from one type of scanning to another. 

Relays are provided in order to avoid the high 
tension being applied on some circuits before 
cathodes have heated up sufficiently. It is, there- 
fore, possible to start the transmitter by simply 
pressing a button. 

These arrangements also aid in making the 
operation easy and in reducing maintenance. 
It has been found that one operator is amply 
sufficient to take care of everything, including 
the handling of the films, while two men are 
needed to give satisfactory service with an 
apparatus using arc lamp and scanning disc. 


Fig. 4—Circuit of an Amplifier used during Development Period. 


An Experimental Television Receiver 


By S. VAN MIERLO and C. A. PULLES 
Les Laboratoires Le Matériel Téléphonique, Paris, France 


General 


HE first models of television receivers 

developed for testing purposes during 

1935 yielded information for the con- 

struction of a new receiver. The plan was to 

arrange it for the reception of 180 line pictures 

transmitted from the Eiffel Tower and also for 

240 and 405 line pictures transmitted by Les 

Laboratoires Le Matériel Téléphonique equip- 
ment. 

Fig. 1 shows a rear view of the television re- 
ceiver. The equipment comprises three units: one 
unit is an ordinary audio receiver; the second is a 
broad band short wave visual receiver; and the 
third includes the deflecting circuit which moves 
the spot on the screen of the cathode ray tube 
and the power supply for the cathode ray tube. 

A separate audio receiver is provided for the 
reason that audio signals are transmitted from 
the Eiffel Tower on a wavelength of 206.0 or 
431.7 meters, while television signals are sent out 
on an ultra-short wave transmitter. 


Visual Receiver 


The broad band visual receiver operating on 
6 to 10 meter wavelengths is a superheterodyne 
receiver with three intermediate frequency stages, 
a diode-triode detector-amplifier, and one ‘‘low”’ 
frequency amplifier stage, at the output of which 
the modulating grid of the cathode ray tube is 
connected, as well as a circuit for separating 
the television signals from the synchronisation 
signals, 

As at present developed, a frequency band of 


more than 1 megacycle per second can be passed.’ 


Separating Circuit 


Fig. 2 shows how the modulating grid of the 
cathode ray tube and the separating circuit are 
connected to the plate circuit of the low frequency 
amplifier stage. 

The grid of the separating tube has a positive 
bias so that the television signals have no influ- 
ence on the plate current. The synchronisation 


Nee | 


Fig. 1—Televiston Receiver—Rear View. 


signals, however, are sufficiently strong to cause 
a negative tension on the grid and, consequently, 
a positive peak at the plate of the separating tube. 

When individual horizontal and vertical syn- 
chronisation impulses are given, the horizontal 
impulses are very much shorter than the vertical 
ones. It is thus possible to separate these impulses 
by means of the resistances R, and the con- 
densers C,. 


Deflecting Circuit 


The deflecting circuit works on the well known 
principle of charging a condenser through a high 
resistance and applying the continuously rising 
potential of the condenser to the deflecting plates 
of the cathode ray tube. For obtaining a nearly 
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steady increase in this potential and, therefore, a 
nearly uniform deflection of the spot, two methods 
are generally used. In one case the condenser is 
charged through a vacuum tube, giving constant 
charging current. In the other case, small poten- 
tial variations are first produced and then am- 
plified. Both methods require additional tubes or 
apparatus. ' 

The Laboratories circuit uses simple charging 
resistances, but charges the condensers from the 
full 4,000 volt anode voltage of the cathode ray 
tube. Since these condensers merely require 
charging up to about 500 volts, only the nearly 
straight part of the charging potential curve is 
used. The net result is a reduction in the number 
of tubes and a simplification in the high tension 
supply. 

Fig. 3 shows a schematic arrangement of the 
charging and discharging circuit, in which the 
condensers C are charged through resistances R 
and the gas filled discharging tubes GDT. The 
separating condensers C, give the deflecting 
plates D the required average potential. 

A balanced deflecting circuit is used to obtain 
a rectangular pattern on the high vacuum 


cathode ray tubes. 

Gas discharge tubes of good quality have given 
satisfactory results, at least with 240 lines. 

Fig. 2 includes the complete circuit for hori- 
zontal and vertical deflection, the power supply 
circuit and the connection of the cathode ray 
tube. The condensers Cı, Co, C3, and C4 are 
charged by the 4,000 volt source through re- 
sistances. Depending upon the grid tensions, the 
gas discharge tubes GDT, etc., break down at a 
certain tension, thus discharging the condensers 
through 1,000 ohm protecting resistances. When 
no synchronisation impulses are given, these dis- 
charges happen at somewhat irregular intervals. 
When, however, synchronisation is applied, the 
charging and the biasing resistances can be 
adjusted so that these synchronisation impulses 
control the operation of the gas discharge tubes. 

The discharge of Ci, in the vertical deflecting 
circuit, causes a positive potential at the cathode 
of GDT,. This potential is applied through a 
condenser to the grid of GDT», thus causing the 
breakdown of the latter tube and the discharge 
of Co. 
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The operation of the horizontal deflecting 
circuit is similar to that of the vertical deflecting 
circuit. The condensers and resistances are, 
however, different. 

The filament of the cathode ray tube is con- 
nected to the filament of GDT; in order to obtain 
a high negative tension on its grid at the moment 
GDT, discharges; that is, at the moment when 
the spot of the cathode ray tube returns from 


Fig, 3. 


the bottom to the top of the screen. This negative 
grid tension avoids a visible return crossing the 
picture. 


To provide for both 180 line and 240 line 
working, the condensers C; and C4 each consist 
of two condensers in series, the smaller of which 
is short-circuited for 180 line reception, while the 
larger is short-circuited for 240 line reception. 
For 405 line reception, both condensers are used 
in series. The switch for making the necessary 
short-circuits is coupled with a switch, S, which 
is used for passing from one system of vertical 
synchronisation to another. The vertical syn- 
chronisation of the Eiffel Tower emission is 
obtained by the suppression of the 180th vertical 
synchronisation signal. Therefore, the charge of 
C; becomes greater than normal and, when GDT; 
discharges its condenser, a higher potential is 
obtained at the cathode resistance. This higher 
potential is applied through a condenser to the 
grid of GDT, which breaks down at this potential, 
thus causing the vertical return of the spot. 

When switching over to 240 or 405 line working 
for the reception of the Laboratories transmis- 
sion, which utilises a separate vertical synchron- 


isation impulse, the grid of GDT, is connected to 
the separating circuit in which the vertical syn- 
chronisation impulse is separated from the 
horizontal synchronisation as above described. 


Power Supply Circuit for the Cathode Ray 
Tube and for the Deflecting Circuit 


The cathode ray tube used in the set works 
with an anode tension of 4,000 volts. This tension, 
which is used also for the deflecting circuit, is 
obtained by means of the voltage doubler circuit 
shown in the power supply circuit of Fig. 2. 

A separate transformer is used for the filaments 
of the gas discharge tubes and of the cathode ray 
tube. As the cathodes of the gas discharge tubes 
must be hot before applying the high tension, the 
high tension transformer is connected to the 
mains about half a minute after connecting the 
filament transformer. This is accomplished by 
means of a thermic relay 7, the winding of which 
is heated by the filament transformer. T, in 
closing its contact, causes the operation of the 
relay Ri, the winding of which is connected to 
the grid supply of the visual receiver. Ri connects 
the primary of the high tension transformer to 
the mains, closes a holding circuit for itself, and 
opens the heating winding of the thermic relay. 

In the positive lead, a resistance Rọ is intro- 
duced for filtering and for adjusting the high 
tension to the desired value. In the negative 
lead, a group of resistances is used for obtaining 
the necessary negative grid tensions for GDTı 
and GDT», and for the cathode ray tube. 

The grid bias of GDT, and GDT; is obtained 
by means of resistances R, in series with the 
charging resistances. 


Results Obtained 


Receivers of the type described have been used 
in the Laboratories and for several demonstra- 
tions with quite satisfactory results. With a field 
strength very considerably below 1 mV/meter, 
very stable pictures have been obtained. It is 
important that the antenna, which may be of 
the doublet or “Zep” type, be placed at a height 
appropriate for obtaining the required field 
strength as well as for protection against outside 
interference, such as from motor cars. 


Power Plants for Rural Full Automatic Offices 


By V. C. MEEUWS, 
Bell Telephone Manufacturing Company, Antwerp, Belgium, 


and H. B. LEE, 
Standard Telephones and Cables, Limited, London, England 


1. Introduction 


HE advent of the unattended rural 
automatic exchange has brought with 
it the necessity for an automatically 

operated power plant. The reliability of the 
automatic switching equipment now being used 
in these small and medium sized offices is such 
that the associated power plant must be capable 
of operating satisfactorily for long periods with- 
out manual attention. 

In a large exchange, the cost of the additional 
apparatus required for automatic working is 
small compared with the total cost of the plant, 
whilst skilled mechanics are immediately avail- 
able for maintenance purposes. In the case of a 
rural office, where the outlay on the power plant 
has to remain more or less in proportion to the 
number of lines installed, the cost of the ad- 
ditional equipment necessary for automatic 
operation is a matter which must receive careful 
consideration. It is also essential that the auto- 
matic power apparatus be simple, reliable, and 
easily adjustable, since, at the rural exchange, 
skilled attendants are not immediately available. 

Several types of the Bell Telephone Manu- 
facturing Company’s automatic power plants are 
in successful operation. In general, these equip- 
ments may be divided into two principal classes: 
the duplicate battery plant and the single 
battery plant, both including the usual motor 
generator sets or rectifiers. 

The duplicate battery system is becoming more 
and more restricted to those areas where, during 
certain hours of the day, the electrical supply is 
available at a reduced rate. The single battery 
system, with sufficient battery capacity to main- 
tain the service during a period of power failure, 
is becoming increasingly popular, both on 
account of its lower initial cost and its higher 
efficiency, particularly when operating on a full 
float basis. 


2. General Requirements for Power Plants 
in 7-D Rotary Offices 


Reliable operation of automatic exchanges is 
only guaranteed when the voltage of the feeding 
current is kept within certain limits. For rural 
exchanges, the following limits are fixed: 


7-D center type exchange—minimum 
44, maximum 52 volts; 

7-D district exchanges—minimum 44, 
maximum 54 volts. 


The above limits are to be taken as applying 
at the circuit fuses of the automatic switching 
equipment. For small exchanges where there is, 
as a rule, practically no distance between the 
battery, the power board, and the circuit fuses, 
the minimum battery voltage may correspond to 
the minimum limit fixed for the operation of the 
equipment. For medium and large sized offices, 
the minimum permissible limit at the discharge 
fuses on the power board must be kept above the 
minimum equipment limit by the amount of 
voltage drop allowed in the discharge feeders. 
This drop is fixed at 2 volts when the feeders 
carry current used for signaling purposes only, 
or for talking and signaling combined, where the 
microphones are fed over retardation coils. For 
talking circuits using repeating coil transmission 
the permissible drop is limited to 0.5 volt. 

During discharge the voltage of the lead-acid 
battery falls from 2 to approximately 1.83 volts 
per cell, and the minimum number of cells 
required in a battery is therefore fixed at: 


E cells 48 volts 
1.83 

46 For exchanges where 

—— =25 cells the voltage should 46 volts 
1.83 not drop below 

44 

Tes 24 cells 44 volts 
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Fig. 1— All Metal Powerboard. 


The voltage of these batteries when charged 
in the normal manner rises to 65, 67.5, or even 
70.2 volts. Unless, therefore, some form of 
voltage regulation is provided, the battery must 
be disconnected from the load whilst charging, 
thus necessitating a duplicate battery arrange- 
ment. 


3. Duplicate Battery Arrangement 


The duplicate battery arrangement requires 
two batteries, one of which is charged, whilst the 
other is discharged. The charging generators or 
rectifiers need not be of the telephone type for 
this service. 

Duplicate battery systems are used with semi- 
automatic and with full automatic operation. 
Plants which are entirely manually operated are 
of no use in automatic rural offices. 

With semi-automatic operation, the batteries 
are changed over and the charging plant is 
started by the attendant. On the completion of 
the charge, as indicated by a contact voltmeter 


or an ampere hour meter, the charging generator 
or rectifier is automatically disconnected. With 
full automatic operation, the changeover of the 
batteries can be controlled by the voltage of the 
battery feeding the equipment. This voltage, 
however, depends on the rate of discharge at any 
particular moment, so that it is preferable to 
interchange the batteries after a predetermined 
number of hours of service. Provision is made for 
placing the used battery on charge as soon as it is 
disconnected from the exchange. 

Figs. 1 and 2 show an all metal power board 
designed for a full automatic, duplicate battery 
arrangement, operated on the charge-discharge 
principle. The board is designed for a maximum 
discharge current of 100 amperes. The two 
batteries are interchanged at a predetermined 
time under the control of an electrically wound 
clock, which also starts the charging generator 
and connects it to the discharged battery. The 
charge is terminated by the operation of a 
contact voltmeter, set to close at the maximum 
voltage which should be reached with the battery 


fully charged. 
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Fig. 2—All Metal Powerboard (Doors Open). 
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Fig. 3—Another Type of Automatic Duplicate Battery 
Arrangement. 


When desired, during the day the battery 
which is being discharged may be floated by 
means of a Selenium rectifier. By operating 
appropriate keys the batteries may be inter- 
changed manually, connected in parallel for 
emergency discharge, or floated in parallel. The 
arrangement is such as to prevent incorrect 
operation, whilst the pilot lamps are fitted to 
indicate the particular circuit condition which 
exists. 

Another type of automatic duplicate battery 
arrangement is shown in Figs. 3 and 4. In this 
case the charging current is supplied by a 
40 ampere hot cathode rectifier. The changeover 
is again controlled by an electric clock, but, in 
addition, provision is made such that, should 
the voltage of the discharging battery fall too 
low, the changeover would operate and the 
discharged battery would immediately be put on 
charge. 


4. Single Battery Arrangement 
4,1 GENERAL CONSIDERATION 


As mentioned previously, the voltage of a 
lead-acid battery rises to 2.7 volts per cell when 
charged in the normal manner. This does not 
mean that a battery cannot be fully charged 


without reaching this voltage. The voltage of a 
cell towards the completion of the charge is a 
function of the charging current. Provided the 
charging rate is sufficiently reduced and the 
charging time increased to correspond, a battery 
may be fully charged without the voltage 
exceeding 2.4 volts per cell, but it takes about 
160 hours to complete the charge if a current of 
constant value is used. 

Referring in particular to the Belgian Tudor 
Planté cell, Fig. 5 shows the capacity at various 
discharge rates; and, for the different charging 
rates, the state of charge of Planté type cells 
when the tension reaches 2.16, 2.2, 2.25, 2.3, and 
2.4 volts. The curves are taken at 15° C. with an 
electrolyte of specific gravity 1.200 (24° Baumé) 
when fully charged. The cells used were fitted 
with wooden separators. 

The different equipment requirements and 
battery characteristics for 7-D office power 
plants are as follows: 


Center | District 
Type Type 
Exchange|Exchange 
(a) Maximum voltage............. 52 volts | 54 volts 
(b) Minimum voltage at circuit fuses.| 44 volts | 44 volts 
(c) Minimum number of cells if drop 
in feeders can be neglected..... 24 cells | 24 cells 
(d) Minimum number of cells if 2 V. 
drop in the feeders is to be 
considered ............000005 25 cells | 25 cells 
(e) Maximum permissible tension 
per cell with a 24 cell battery 
when no C.E.M.F. cells are 
connected in the discharge..... 2.16 V.| 2.25 V. 
Same with 25 cells............ 2.08 V.| 2.16 V. 
(f) Approximate percentage of full 
charge capacity which can be 
restored to a battery without 
exceeding the maximum ten- 
sion per cell with the intensity 
of the charging current reduced 
to a 10 hour value—24 cell 
battery seuuer raras 49% 71% 
(g) Same for 25 cell battery........ — 49% 
(h) Same for 24 cell battery with 
charging current reduced to 20 
hours value...........0ee00- 61% 78% 
(i) Same for 25 cell battery with 
charging current reduced to 20 
hour value.........--..0005- — 61% 


The above tabulation shows that the battery 
in 7-D rural exchanges cannot be charged 100% 
without exceeding the voltage limits, even when 
these are as wide as 44-54 volts, if a recharge of 
the battery is desired within 20 hours after a full 
discharge. 
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Fig. 4—Another Type of Automatic Duplicate Battery 
Arrangement. 


The simplest method of feeding an exchange 
by means of a single battery is to employ a 
battery of large size, such that when charged to 
only about three-quarters of its full capacity, 
there is sufficient reserve to feed the equipment 
during power failures. This arrangement may be 
used either with or without controlled charge. 

With controlled charge, a voltage relay cuts off 
the charge when the battery voltage reaches the 
upper limit and reconnects the charging supply 
when the voltage has dropped to about 2 volts 
per cell. Alternatively, the charge may be con- 
trolled by means of a double wound choke coil, 
one winding of which is connected in the primary 
supply to the charging rectifier, whilst the second 
winding carries the d-c. output. This automatic 
choke-controlled rectifier is described in more 
detail later, but it must be pointed out here that 
the output of such a rectifier is affected to a 
considerable extent by the voltage variations of 
the main supply. 

With uncontrolled charge, the charging current 
is adjusted so that the input to the battery over a 
given period corresponds to the average current 
requirements of the exchange plus the losses in 
the battery. 


In practice the uncontrolled charge consists in 
floating the battery with a current of a value 
such that the voltage is maintained between 
2.18 and 2.3 volts per cell, depending on the 
temperature and the type of plates used. In 
rural offices, where the tension of the main supply 
is as arule unstable and power failure much more 
frequent than in larger centers, the regulation 
of such a plant presents many difficulties. 


4.2 RECTIFIER OPERATED SINGLE BATTERY 
FuLL FLOAT PLANTS 


In district exchanges there are usually several 
hours per day when there is practically no traffic. 
It is, therefore, possible to charge the battery up 
to the 54 volt limit and to continue beyond this 
point provided arrangements are made to suspend 
charging temporarily whilst a call is in progress. 
Immediately the charge is stopped the voltage 
falls within the required limits and, when the call 
is terminated, the charging current can be 
reestablished. 

When the charging is adjusted to a 10 hour 
rate value, about 71% of the full charge capacity 
can be restored to the battery in district offices 
before the 54 volt limit is reached. Beyond this 
point the charge should be continued with the 
current reduced to a trickle charge value in order 
to avoid over-formation of the positive plates. 

A system making use of the above principles 
has been found to give excellent results in small 
7-D offices. The method of operation, prepared in 
bulletin form by the Bell Telephone Manu- 
facturing Company, Antwerp, on the 7-D Rotary 
Automatic Telephone System, may be sum- 
marised as follows: 


NORMAL OVERLOAD 
TO COMPENSATE LOSSES 


Oh oe Tea 


i 
E SRE al ec 
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Fig. 5—Capacity at Various Discharge Rates of Tudor Planté 
Cell. 
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Fig. 6—Antwerp Power Units. 


Direct current, with a sufficiently low ripple, 
is obtained from a Selenium rectifier provided 
with smoothing choke and dry electrolytic con- 
densers. This current is fed via two adjustable 
resistances, one resistance regulating the normal 
charging current and the other, the trickle charge. 
The main charge is controlled by voltage relays 
arranged so that this circuit is interrupted only 
when the voltage rises to 54 and is reestablished 
when it falls to 50 volts. Calls going through the 
exchange open the trickle charge circuit but not 
the main circuit. The arrangement therefore 
permits the rectifier to deliver current at the 
full rate until the voltage limit is reached. 
Beyond this point, the charge is continued at the 
trickle charge rate when no calls are in progress. 
An alarm is arranged to operate when the main 
supply is interrupted, or when the voltage falls 
below a predetermined limit. 

The relays may be mounted either with the 
automatic equipment or with the rectifier. The 
power units recently standardised by the Bell 
Telephone Manufacturing Company are ar- 
ranged so that the rectifier with its overload 


protection, the control relays, the combined volt 
and ammeter, together with the fuses, etc., are 
all contained in a single unit, as illustrated in 
Figs. 6 and 7. They show a rectifier built for 
outputs of 1.2, 2.4, 4.0, and 8.0 amperes at 44 
volts. Fig. 8 shows the output curve of the 2.4 
ampere rectifier. 


4.3 FuLL AUTOMATIC PLANTS WITH AMPERE 
Tiour METER CONTROL 


A type of power plant which has been in 
satisfactory operation for many years, both in 
Europe and in the United States, and is being 
adopted by the British Post Office, is one which 
makes use of a special ampere hour meter 
connected in the battery lead. When the battery 
has been discharged some 10%, the ampere hour 
meter makes contact and starts the charging 
apparatus, which continues to supply current 
until the battery is again fully charged. This type 


J FUSES FROTECTING ELECTROLYTIC CONDENSERS. 


Fig. 7—Antwerp Power Units. 
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Fig. 8—Output Curve of 2.4 Ampere Rectifier. 


of plant cannot, strictly speaking, be described as 
full floating in operation but, since the charging 
plant normally starts in the morning when the 
traffic is increasing, the greater portion of the 
load is supplied by the machine or rectifier and 
not by the battery. In addition to the contacts 
for stopping and starting the charge, a third 
contact gives an alarm when the battery is 
discharged more than 35%. The ampere hour 
meters used read correctly in the discharge 
direction but in the reverse, or charge direction, 
the reading is low by an amount which can be 
varied from 10% to about 40%, thus enabling 
the excess of charge over discharge to be adjusted 
to allow for the losses in the battery. 

Figs. 9 and 10 illustrate a power board designed 
for a single battery plant with ampere hour meter 
control, the current being supplied by a Selenium 
rectifier. This type of board is suitable for 
exchanges with a maximum current drain of 100 
amperes. 

It is essential that the output of the rectifier be 
sufficient to make good, every 24 hours, the total 
drain to the exchange plus the losses in the 
battery but, in order to provide for the necessary 
reserve and quick recharge, it is usual to specify a 
rectifier having an output at least equal to the 
maximum drain. 

In order that the battery may be charged to its 
full capacity, C.E.M.F. cells are connected in the 
discharge lead under the control of a contact 
voltmeter which also short-circuits these cells 
when charging ceases. 


The same arrangement can be used when a 
charging generator is used in place of a rectifier, 
but in this case it is slightly more complicated. 
In addition to starting the motor, it is necessary 
to connect the generator to the battery as the 
voltage builds up, and to provide protection 
against current reversal. 

In order to somewhat simplify the arrange- 
ments, a scheme has been developed which 
dispenses with the contact voltmeter or voltmeter 
relay by making use of a generator compounded 
to give a practically constant voltage from no 
load to full load (+3% tolerance). When the 
generator is floating a battery, the series winding 
is not-connected between the armature and the 
battery but is inserted in the discharge lead in 
order to-prevent the possibility of a current 
reversal and to ensure that the increase in 
generator field flux is proportional to the current 
taken by the equipment, thus maintaining a 
constant voltage irrespective of the load. 

In practice it is usual to arrange for only a 
portion of the load to pass through the series 
winding by connecting it in parallel with 


Fig. 9 

Power Board Designed for a Single Battery Plant with 
Ampere Hour Meter Control. 
_(Left: Closed; Right: Open) 


Fig. 10 


ELECTRICAL COMMUNICATION 


245 


MAIN SUPPLY . 
——> 


j AUTOMATIC 
CUT-OUT 
| | ruse ———+ |] } 
prai a; 4 3 INSTR. 
= SWITCHES 
af Y | 


—e 
rot ? 


FLOATING POS, 
| Az AL 


= 
AUTO TRANSP. 


VARIABLE 
RESIST. 


È INDICATES MERCURY CONTACT 
4 PS =48V. BATTERY 
4 = +4BV. BATTERY (GROUND) 


TOALARM CCT. 


CONDENSERS 


CONSTANT POTENTIAL } 
RECTIFIER 


ilk 


TO ALARM CCT. 


FUSES: 

TO POS.4 INSTR.SWITCH 
OF VOLTMETER 

TO POINTS OF CCT. 

REQUIRING BATTERY 


TO ALARM CCT. 


SWITCH RACK MOTORS: 


= DISCHARGE 


Fig. 11—Typical Circuit Arrangements. 
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an adjustable non-inductive shunt. With this 
scheme, the ampere hour meter closes the circuit 
for starting the generator when the battery has 
been discharged 10%, just as in plants previously 
described. The generator is adjusted to give 2.25 
volts per cell of the battery at an output corre- 
sponding to the drain of the equipment plus the 
losses in the battery. When the generator is 
connected to the battery, a C.E.M.F. cell is 
introduced simultaneously into the discharge 
lead, thus permitting the battery voltage of the 
24 cell battery in center exchanges to be increased 
to 54 volts. When the current taken from the 
battery plus the losses has been restored the 
ampere hour meter stops the charge. Since with 
one C.E.M.F. cell the battery voltage is limited 


to 2.25 volts per cell, the arrangement does not 
permit the battery to be fully charged. Where it 
is desired to charge the battery more fully, two 
C.E.M.F. cells must be introduced at the same 
time in order that the battery voltage may be 
increased to 56 or 2.33 volts per cell. 

Such plants require a full charge up to 2.7 volts 
per cell about every two months. This is made 
possible by connecting C.E.M.F. cells in the 
discharge lead to the exchange. 


4.4 FULL FLoaT PLANT WITH Constant Po- 
TENTIAL RECTIFIER 


The term ‘‘constant potential rectifier” is used 
to describe a rectifier constructed so that its 
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Fig. 12—Typical Circuit Arrangements. 
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output is in large measure dependent on the 
battery voltage. When the battery voltage is low 
the rectifier charges the battery in the usual 
manner, the voltage gradually rising as the 
charge progresses, until ata certain predetermined 
battery voltage the charging current suddenly 
falls to a mere trickle. The trickle charge con- 
tinues until the current requirements of the 
exchange are such as to cause the voltage of the 
battery to fall to a second and somewhat lower 
predetermined value when current suddenly 
reverts from the trickle to the full charge rate. 
This self-regulating feature is obtained by con- 
necting one winding of a double wound choke in 
series with the primary of the transformer, and 
the second winding in series with the d-c. output 
(Figs. 11 and 12). The impedance of the a-c. 
winding of the choke depends on the state of 
magnetic saturation of the core, and this in turn 
depends on the value of the current in the d-c. 
winding. As the battery voltage rises during 
charge the current falls slightly until a point is 
reached where the current passing through the 
d-c. winding is no longer sufficient to completely 
saturate the iron core. The impedance of the a-c. 
winding now begins to increase with the result 
that the voltage applied to the transformer 
primary is reduced, still further reducing the 
output of the rectifier. The net result is that, once 
the critical battery voltage is reached, the 


arrangement becomes unstable and the current 
falls to perhaps a tenth or less of its former value. 
The reverse action takes place and the current 
reverts to its former full charge value when the 
exchange load has caused the battery voltage to 
fall sufficiently. The degree to which the battery 
is charged depends on the value at which the 
rectifier is adjusted to revert to trickle charge. If 
this upper voltage limit is set at 52 or 54 volts 
the battery cannot be fully charged. This incom- 
plete charging is a serious feature at rural 
exchanges since most Administrations and oper- 
ating companies prefer power plants which 
operate with the batteries in a fully charged 
condition. 

It is therefore clear that a constant potential 
rectifier, in spite of the additional auto-regulation 
coil, is not capable of maintaining the battery in 
a fully charged condition at all times even if the 
main voltage variations are within +5%. If this 
condition has to be met, it is necessary to provide 
voltage control which prevents excessive voltage 
at the exchange busbar and which permits 
charging of the battery to continue even when 
the main supply is at minimum voltage. 

In certain rural areas main supply voltage 
variations of +5% are normal, whilst variations 
of +10% are met with in other areas. Since the 
output of the rectifier bears a direct relation to 
the main supply voltage, a rectifier which is 
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adjusted to cut off at 54 volts when the supply 
is 5% above normal will give practically no 
output at 50 or 51 volts when the main supply is 
5% below normal. 

To avoid the above mentioned difficulty, the 
constant potential rectifiers furnished in power 
plants of rural exchanges are preferably designed 
to cut off at 54 volts when operating on the 
minimum supply voltage, thus ensuring that the 
battery will be adequately charged under all 
conditions. In order that the exchange voltage 


Fig. 13—Power Plant with a Circuit in Accordance with 
Fig. 11, 
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Fig. 14—Output Curve of Power Plant of Fig. 13. 


may not be excessive when the mains voltage is 
high, and to enable the battery to be charged to 
its full capacity, provision is made for the 
automatic introduction of C.E.M.F. cells into the 
discharge lead under voltage operated control. 
Provision is also made for adjusting the trickle 
charge current by shunting the d-c. winding of 
the choke coil with an adjustable non-inductive 
resistance, whilst in order to facilitate the first 
charge and to permit of a specially quick recharge 
after a prolonged power failure, it is possible to 
render the constant potential feature entirely 
non-operative. 

Two of the typical circuit arrangements are 
shown in Figs. 11 and 12. In one case (Fig. 11) 
the introduction of C.E.M.F. cells is controlled 
by voltage relays of the telephone relay type. In 
the other case (Fig. 12) the C.E.M.F. cells are 
under the control of a contact voltmeter or 
voltmeter relay. The former circuit is used for 
the smaller, and the latter circuit for the larger 
plants. Both schemes are reliable, but whilst the 
contact voltmeter is easier to adjust and more 
accurate than the voltage relay, its greater cost 
is a serious matter in the smaller plants. More- 
over, since great accuracy is not essential, it is 
possible that the voltage relay system may 
eventually be employed, irrespective of the size 
of the equipment. 

In both circuits the C.E.M.F. cells are intro- 
duced in successive stages, and when all the cells 
are in circuit and the exchange voltage again 
reaches the upper limit, the rectifier is discon- 
nected from the supply, to be reconnected only 
when the exchange load has caused the voltage to 
fall to a predetermined limit. Both circuits make 
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Fig. 15—Power Plant with a Circuit in Accordance with 
Fig. 12. 


provision for cutting out the constant potential 
choke for the purpose of initial charge, or quick 
recharge, and terminals are also provided for 
connecting additional C.E.M.F. cells to enable 
the battery to be charged to 2.7 volts per cell on 
occasion. These additional C.E.M.F. cells are 
usually of the portable type, and are as a rule 
common to a whole rural area. Facilities are also 
provided for connecting an emergency charging 
plant for use in the case of breakdown or ex- 
tensive repairs. 

Fig. 13 shows a power plant with a circuit in 
accordance with Fig. 11 and equipped with a 12 
ampere single-phase rectifier, the approximate 
output curve of which is given in Fig. 14. 

In general, three-phase rectifiers are used for 
the larger outputs. Figs. 15 and 16 illustrate a 
powerboard with a circuit in accordance with 
Fig. 12. This board is of the all metal type. 
Fig. 17 shows one on which all the equipment, 
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excluding only the rectifier and the telephone 
type relays, is mounted on slate panels. The 
layout of the equipment on both types of boards 
is such that it can be used for offices with a 
maximum drain of 100 amperes. In order to 
reduce the initial cost it is usual to supply one 
rectifier only at the outset, but provision is made 
for connecting a second rectifier when required. 
This second rectifier, not shown on the circuit, is 
connected to the mains only when a current relay 
in the discharge lead indicates that one rectifier 
alone is insufficient to carry the load. 

In general, a rectifier is chosen of sufficient 
output to carry the full busy hour drain normally 
required by the exchange equipment, in which 
case the full battery capacity is always available. 
As an alternative it is practicable to use a 
rectifier which, during the busy hour, supplies 
only a portion of the total current, the remainder 
being furnished by the battery which is recharged 


Fig. 16—Power Plani with a Circuit in Accordance with 
Fig. 12. 
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during the slack period. The capacity of the 
battery, however, must be such as to provide 
adequate reserve should a power failure occur 
immediately after the busy period of the day 
when the cells have already to some extent been 
discharged. 


5. Power Plants for Use on'D-C. Systems 


Where a direct current supply with the positive 
pole earthed is available, the simplest arrange- 
ment is to charge the battery directly from the 
mains with a suitable resistance in series to 
reduce the current to the correct value. Whether 
a motor generator is used in preference to this 
simple direct charging scheme depends largely on 
the voltage of the d-c. supply. In areas where the 
supply is 220 volts, 3-wire, with the neutral 
earthed, the battery can be charged between the 
110 volt negative pole and the earthed neutral. 
The efficiency of this arrangement is about 50%, 
which is equal to that obtained with a small 
motor generator, the efficiency of which is 
between 45% and 60%. Direct charging from the 
mains is therefore recommended when a 110 volt 
supply is available, the charge being preferably 
controlled by two resistances in parallel as 
described above. When the supply voltage ex- 
ceeds 110, or the negative pole is earthed, a 
motor generator must be used. A method of 
control which gives satisfaction is the one 
whereby the motor generator is started when an 
ampere hour meter registers a discharge of 10% 
of the battery capacity, the charge being con- 
tinued until the meter indicates that the battery 
is again fully charged. C.E.M.F. cells must be 
introduced into the discharge lead under the 
control of a contact voltmeter, in order to 
maintain the voltage at the exchange within the 
permissible limits during the charging period. 
This method is one which is not affected to any 
serious extent by variations in the supply 
voltage. 

In order to reduce the first cost it is possible to 
use the compound generator arrangement, in 
which one or more C.E.M.F. cells are introduced 
into the discharge circuit at the same time that 
the generator is connected to the battery. The 
speed of the motor generator is, however, affected 
by variations in the supply voltage, and this in 
turn causes variation in the output of the 


Fig. 17—Power Plant with all Equipment on Slate Panels. 


generator. It would, therefore, be necessary to 
use an automatic speed regulator on the motor, 
an addition which possibly would not be suff- 
ciently reliable for use in an unattended exchange. 
The arrangement is therefore less desirable for 
rural exchanges. 

It has been found possible to dispense with the 
ampere hour meter by making use of a contact 
fitted on a clock. This contact starts the charge 
at a predetermined hour each day. It is prefer- 
able to arrange for the charging to take place 
during the busy hours, since this will ensure that 
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the major portion of the current required by the 
exchange is furnished directly by the generator. 
Once started, the charge continues until the 
voltage of the battery indicates that it is fully 
charged. C.E.M.F. cells are introduced one at a 
time, the first when the generator is connected to 
the battery. Additional C.E.M.F. cells are then 
added under the control of a contact voltmeter 
or voltage relay whenever the voltage at the 
exchange reaches the maximum limit. 


6. Large Rural Exchanges 


All the power plants thus far described are 
intended for use in unattended exchanges having 
a maximum busy hour drain not exceeding 100 
amperes. For larger exchanges where the drain 
exceeds 100 amperes the requirements, generally 
speaking, are similar, but the number of such 
types of power plant is so considerable that 
anything approaching a complete description 
would be beyond the scope of this article. It may 
be of interest, however, to mention that the 
Bell Telephone Manufacturing Company has 
recently developed a full automatic operated, full 
float plant embodying the following features: 
(1) The plant can be operated either on a full 
float or semi-full float basis; 

Single battery with emergency end cells, the 
latter used only when floating is stopped. 
The emergency cells are trickle charged from 
a small Selenium rectifier if the plant is 
operated on a full float basis; 

Motor generators are used for floating or 
charging the battery. The voltage of these 
generators is regulated automatically by 
means of motor driven rheostats; 


(2) 


(3) 


(4) The number of generators which can be used 
in parallel is not limited. They are started 
and connected to the battery, or stopped, as 
required, in order to keep the battery at the 
floating voltage, i.e., between 2.1 and 2.2 
volts per cell. All the generators in service, 
except the last one started, run at full load, 
the load variations being taken by the last 
machine; 

For the purpose of giving a maintenance 
charge, it is possible to float at a voltage 
higher than 2.15 volts per cell by introducing 
C.E.M.F. cells manually into the battery 
discharge lead; 

The type of generator used is such that, with 
the addition of electrolytic condensers, the 
exchange can be fed directly from the 
generators with the battery entirely dis- 
connected. 

It should be mentioned that the operation of an 
exchange without a battery is not considered 
advisable. If it is necessary to disconnect the 
single battery for repair, extension, or any other 
reason, it is preferable to provide an emergency 
battery, consisting possibly of car starter 
batteries. If this precaution is not taken, the 
slightest interruption in the main supply will 
result in the loss of all the exchange connections, 
with the probability of serious overloading when 
the supply is reestablished. In the larger ex- 
changes it is the usual practice to arrange for the 
single battery to consist of two or more ‘‘strings” 
of cells connected permanently in parallel but 
arranged so that one “‘string’’ may be discon- 
nected at a time for maintenance or repair. 
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Public Address Installation for the Performances 
of “Le Vray Mistére de la Passion” on the 


Place Du Parvis in Front of Notre Dame 
Cathedral, Paris 


By G. MEUNIER 


Le Matériel Téléphonique, Paris, France 


General 


Magnitude of the Performances 


O make use of one of the principal Paris 
public squares—150 metres long, 90 
metres wide—as an open air theatre; 
to erect thereon a metallic flooring, rising from 
the ground level progressively up to 12.50 m., 
for the seating accommodation of an audience of 
more than 10,000 people, with the safety, exits, 
visibility, and comfort of the best theatres; to 
present the foremost French actors, assisted by 
a chorus of 1,500 and the Republican Mounted 
Guards on a stage 50 metres long by 25 metres 
wide; to provide a spectacle having the magni- 
tude and solemnity of Notre Dame Cathedral as 
an incomparable scenic background—such, for 
the past two years, has been the principal 
achievement of the Comité des Fétes de Paris on 
the initiative of the great promoter of open air 
theatricals: Pierre Aldebert. The production, 
“Le Vray Mistére de la Passion,” harmonising 
perfectly with the surroundings, virtually makes 
these performances the chief attraction of the 
“Fétes de Paris,” held in the beginning of June 
of each year. 

Enumeration of the many difficulties en- 
countered in the realisation of this gigantic chef- 
d’oeuvre and the manner in which they were 
overcome will not be attempted in this paper. It 
will readily be appreciated, however, that im- 
mobilisation for a period of three weeks of the 
whole of an important and busy district of Paris, 
necessitating diversion of the heavy street 
traffic, and the coordination of stage mob move- 
ments on a vast scale with accompanying sound 
and lighting effects were tasks not easily accom- 
plished. Similarly, the erection in record time, 
of scaffolding capable of supporting, with the 
requisite safety factor, such a considerable 


audience, and the transformation of an historical 
monument like Notre Dame into a theatrical 
scene without hindrance to the regular religious 
ceremonies, involved technical and adminis- 
trative problems which required most effective 
resolution by the organisers and their col- 
laborators.1 

In installations of this character, two essential 
elements, obviously, are the lighting effects and 
the sound reproduction. 


Scenic Dispositions 


In order that the importance of the difficulties 
encountered in achieving scenic effects may be 
realised, it is necessary to note the particular 
circumstances accentuating them. 

In addition to the dimensions of the public 
auditorium and of the stage, the latter was 
especially unfavourable to the placing of pro- 
jectors, loudspeakers, or microphones, due to 
the absence of girders, columns, rails, etc. The 
stage, in fact, consisted of a plain, practically 
bare surface, showing the Cathedral facade 
almost in its entirety, and was surrounded on 
three sides with access slopes intended, in 
certain parts of the play, to permit a merging of 
performers and spectators. Some of the scenes— 
the Prologue and the Bearing of the Cross—were 
played off-stage, such as in the passage separating 
the stage from the spectators. 

The rear of the stage was lined on the left and 
right by two walls, 3 metres high, with two kinds 
of thrones representing ‘‘mansions,” which har- 
monised with the Cathedral and which resembled 
the theatrical effects of the middle ages. The 
central portion disclosed, according to the scene, 


1 From a technical point of view, mention may be made 
of the firm which built the seating accommodations: Société 
Entrepose de Paris, and the lighting contractor: Etablisse- 
ments Jaccopozi of Paris. 
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Notre Dame Cathedral showing the Stage and about One-Half of the Auditorium. The Operating 
Switchboard is in the foreground and the Auditorium Loudspeakers are Visible at the Extreme Left. 
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either the portal of Notre Dame, or scenery 
representing the Calvary. No curtains or acces- 
sory paraphernalia facilitating the concealment 
of lighting fixtures or microphones were used. 

The only visible projectors and loudspeakers 
were those placed on the right and left extremi- 
ties of the auditorium. On the stage, five cases, 
hardly 40 cm. high, were placed at the top of the 
front slope opposite the audience. These boxes 
contained lighting projectors, microphones, and 
loudspeakers. 


The Public Address System 


The requirements for the public address 
system as a whole were: 

(1) Retransmissions, throughout the entire 
square and auditorium, of the musical pro- 
grammes performed within the Cathedral, such 
as choir renditions, organ solos, and other musical 
contributions (violins, cellos, and ‘‘Martenot’’ 
waves—etherodyne musical apparatus). These 
retransmissions, with variable power according 
to the scenes of the “Vray Mistère,” had to be 
accomplished in a manner such as to give the 
audience the impression that the music was 
emanating directly from Notre Dame itself. It 
was; therefore, necessary to avoid having a 
single acoustic focus. In the last scene, the sound 
had to give the impression both of increasing 
power and of rising from the ground up to the 
top of the towers. Sufficient power was then 
required to cover the bells and chimes ringing a 
full peal, as well as the trumpets of the Repub- 
lican Guards occupying the right and left of the 
stage. 

(2) Amplification, over the entire area re- 
served for the public, of the actors’ voices from 
any part of the stage or from the intervening 
space between the stage and the first rows of 
spectators’ seats. In so far as practicable, it was 
necessary that the impression be conveyed that 
the sound was coming directly from an actor 
moving about the stage. 

(3) Amplification of the voices of actors repre- 
senting apparitions. In these cases, the move- 
ments of the actors were restricted and the 
microphones were placed as near to them as 
possible. 

(4) Amplification and retransmission of the 
chimes of the Rouen Cathedral to Paris by tele- 
phone cable (140 km.). To avoid confusion with 


the bells of Notre Dame, this carillon emanated 
from loudspeakers placed on either side of the 
spectators rather than from the loudspeakers on 
the facade of Notre Dame. 

(5) Placing at the disposal of the stage man- 
ager a telephone installation duplicated by 
transmitters connected with loudspeakers and 
lamp signals, so as to provide for a perfect coor- 
dination of all the elements, some of which were 
located far apart. 


Main Difficulties of Realisation 


The main difficulties involved were the fol- 
lowing: 

(a) To obtain a perfect retransmission of the 
musical part of the programme, with adequate 
pressure and the quality necessary to cover 
effectively the whole square, “Place du Parvis.” 

(b) To amplify, under the unfavourable condi- 
tions described above, the voices of the actors, 
apparitions, and chorus, with special reference 
to the solution of the problem of the “Larsen 
effect” (singing or reaction of loudspeakers on 
microphones). 


Power and Quality for Musical Retransmissions 


It was estimated that the average acoustic 
power of the Cathedral chimes at the center of 
the square would be from 6 to 10 Baries, and it 
was necessary to attain this value as a minimum. 
Taking the amplitude of acoustic pressure as p, 
and the acoustic resistance of the atmospheric 
air as 7 (equal to 42 c.g.s. units), the acoustic 
power flowing through a surface S cm.? is 

p 
W= op 


Hence, in order to obtain a pressure of 10 r.m.s. 
Baries, that is an amplitude of p=14 Baries: 


196 
W= yg 8400X 104X107? watts, 
=19.6 watts. 


One can thus estimate the necessary acoustic 
power from 15 to 25 watts in the working angle 
of the loudspeaker. Such a loudspeaker, espe- 
cially one possessing remarkable acoustic qual- 
ities, was not in current use; and, moreover, the 
usual solution of grouping several loudspeakers 
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Giant Loudspeaker. 


in one place was not satisfactory because of the 
probable occurrence of stationary waves. The 
problem, in fact, was a delicate one, particularly 
as the apparatus on the facade of the Cathedral 
had to be practically invisible. 


The “Larsen Effect” on Theatrical Retransmissions 
Including Apparitions 


The amplification limit of a loudspeaking 
system is reached when the effects of the loud- 
speaker and the original sound on the micro- 
phone become equal. From this moment on, the 
sounds maintain themselves. Often the frequency 
first maintaining itself is not one that was orig- 
inally present but rather, one that is most 
favoured by the whole installation: local condi- 
tions (frequency of resonance of the locality), the 
relative positions of the microphones and loud- 
speakers, and the presence of absorbing or 
reflecting screens. ‘‘Singing”’ is thus, in general, 
produced by a frequency different from the fre- 
quencies originally transmitted, and before the 
limit is reached for the latter. Before the “sing- 


ing” phenomenon proper occurs, that is, at 
slightly lower amplification, resonance takes 
place through successive amplifications (with 
attendant attenuation in transmission) of the 
favoured frequency or of other frequencies 
registered by the microphones, the result being 
similar to the phenomenon of reverberation 
produced in a room with echo effects. In order 
to avoid these objectionable phenomena, the 
amplification coefficient must be kept appreci- 
ably below the “singing” point. 

For sounds of given power there exists, 
therefore, even with microphones of high fidelity 
and stability, a distance beyond which it is 
impossible to obtain in the loudspeakers power 
sufficient to meet the requirements of a large 
assembly. This determines what is termed the 
“microphone field.” When several microphones 
are connected simultaneously in the same instal- 
lation, the respective field of each, in general, 
decreases; for, at certain frequencies, the com- 
bined action of the loudspeakers on the micro- 
phones is in phase and this augumented effect 
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correspondingly lowers the amplification coef- 
ficient at which “singing” takes place. The ad- 
vantage of multiple microphones is dependent 
upon their being connected-in properly at any 
given time, either one, two, or three, as required. 
The problem is, therefore, one of switching, 
and may be considerably simplified by the 
judicious choice of suitable apparatus, par- 
ticularly microphones and loudspeakers. 


Material 
Loudspeakers 


The electrodynamic type, with a small dia- 
phragm, air chamber, and exponential horn was 
chosen because of its robust and water-tight 
construction, ease of installation, high efficiency, 
and, above all, its very pronounced directional 
qualities, permitting coverage of greater dis- 
tances. 


In order to simplify installation and reduce 
fire hazards, the model used for the “Vray 
Mistère” was of the permanent magnet type. 
The horns were 2 m. long and 80 cm. in diameter. 
Where there was insufficient room to locate these 
horns, they were replaced by flat flare horns 
1.70 m. long, 1 m. wide, and 35 cm. thick, or by 
wooden horns of the compact type only 35 cm. 
in width. 


Microphones 


The electrodynamic type of microphone was 
chosen on account of its adaptability to operation 
in all positions, its insensitivity to mechanical 
vibration (thus requiring no elastic supports, and 
consequently facilitating installation and con- 
cealment in the scenery), its insensibility to 
hygrometric variations of the atmosphere, and 
its water-tightness (on several occasions these 


Place du Parvis, showing the Auditorium as viewed from the Cathedral. The Prefecture de Police 
is in the background, and the Hotel-Dieu Hospital to the Right. The Auditorium Loudspeakers are 


Visible at the Left. 
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instruments operated in the rain), as well as its 
fidelity of reproduction, its low impedance (per- 
mitting the use of relatively long lines between 
the microphones and the amplifiers), and, finally 
and more important, the possibility of connecting 
several microphones on the same preamplifier 
without special precautions against reactive 
effects. 

Two types were used: the “non-directional”’ 
type in places where the sound impinged from 
all directions; the “directional’”’ type in other 
cases. Fifty microphones were used in the in- 
stallation. 


Amplifiers 


Amplifiers with fairly flat frequency response 
were required in order to avoid ‘“‘singing” on an 
enhanced frequency. In addition, it was con- 
sidered necessary to secure high quality even at 
low speech levels. Class “A” amplifiers, ten in 
all, with 15 and 30 watts of acoustic power, 
therefore, were used. Because of the high power 
required, a class “B” type amplifier was used for 
musical retransmissions. 

High quality preamplifiers—one per group of 
microphones—were also employed. The pream- 
pliers and amplifiers, fed by the town current 
supply, were grouped at one point, thus facili- 
tating supervision and permitting quick adjust- 
ment if necessary. 


Realisation of the Musical Retransmission 
Microphones 


Three microphones, two of the “directional” 
type mounted on pedestals 2.50 m. high, and 
one of the “‘non-directional”’ type suspended over 
the gallery of the great organ, were used with 
appropriate mixers to pick up the instrumental 
and choir music to be retransmitted. The placing 
of the artists with respect to the microphones was 
such that the resonance of the Cathedral was 
correctly apportioned in the retransmission. 


Ordinary Loudspeakers 


Four electrodynamic loudspeakers with flat 
horns were fitted in between the railings of the 
Gallery of the Virgin at a height of about 25 
metres, and were distributed over the whole 
width of this gallery so as to ensure the required 


dispersion effect. They were fed by a 15-watt 
amplifier and covered the first third of the 
square. 

Four similar loudspeakers were located on top 
of the towers. Operated by a 30 to 40 watt am- 
plifier, they were intended to give the final 
sonorous ascent effect and were used only for 
this feature. 


Special Loudspeaker 


In order to obtain the requisite quality and 
power at the centre and rear of the square, a 
“giant” loudspeaker was especially constructed 
for the purpose. It employed twelve electro- 
dynamic motors of the current type and a single 
straight exponential horn 6.80 m. in length with 
an aperture greater than 8 square metres. 

This loudspeaker, possessing an efficiency 
estimated at 25% and giving a considerable direc- 
tional effect, yielded the desired result. The peak 
of acoustic power at the amplifier outlet was 90 
watts, the average being 40 to 50 watts. More- 
over, the quality was greatly superior to that of 
current types of loudspeakers, especially at low 
frequencies. 

The speaker was mounted on the platform 
between the two towers and behind the gallery 
joining them at their base at a height of approxi- 
mately 50 metres. 


Operation of the Installation 


For broadcasting the theatrical performance 
with musical accompaniment the giant loud- 
speaker was nearly. always employed alone in 
order to avoid interference with the actors’ 
microphones. For retransmitting solos and music 
from the choirs and organ, during intervals of 
scenery changes, the loudspeakers in the Gallery 
of the Virgin were added at full power in order 
to give the first rows of spectators the impression 
of sufficient volume. 

Because of the considerable directional effect 
of these loudspeakers, the sound coverage be- 
tween these two groups of loudspeakers took 
place at a distance from the Cathedral such that 
no echo effects were noticeable. For the final 
scene, the ascension of the sound was obtained 
in the following manner: the loudspeakers in the 
Gallery of the Virgin were first worked alone at 
low volume; then, progressively, the loudspeakers 
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in the towers were amplified while those in the 
Gallery were being diminished to zero. At last, 
the central loudspeaker was placed in operation 
with gradual increase in volume. 

During the performance, claps of thunder were 
imitated on the organ and with the “Martenot 
waves.” Since the volume was adequate, the 
impression given was most realistic. 


Realisation of the Theatrical Retransmis- 
sions Including Apparitions 


Central Operating Switchboard 
Operation of the Microphones 


In the successive switching of the micro- 
phones, precautions had to be taken to prevent 
difficulties due to distortion, power variation, 
switching noise, and: clicks. Rapid. and easy 
switching was required. 

Finally, all the public address operations and 
their control had to be handled from a central 
point in the public auditorium. It was necessary 
for the control operator both to see and hear the 
actors in order to follow the action. 

The main idea was to establish a switchboard 
from which switching of microphones could be 
effected through a single lever, capable of motion 
in two directions at right angles to each other. 
Each position of the lever corresponded to a 
given point on the stage, i.e., the connection of 
the microphone covering the amplifiers. For 
adequate microphone field coverage and to 
permit encircling an actor placed in the midst 
of four microphones, an intermediate position 
was arranged between each main position of the 
lever for the interconnection of two adjacent 
microphones. 

On account of the distances involved, the 
microphone switching could not be accomplished 
directly from the switchboard. A relay box placed 
under the stage and functioning as a junction 
box between the microphones and the cables 
connecting them to the preamplifiers was there- 
fore utilised. 

A signal board equipped with lamps completed 
the switchboard unit and at any moment in- 
dicated to the operator the microphones in 
operation. It included an individual key per 
microphone enabling each microphone to be 
switched in or out separately. The latter arrange- 
ment proved especially useful in lengthy scenes 


when rapid interchanges occurred between 
widely separated actors and when the simul- 
taneous operation of distant microphones was 
necessary. 

Associated with the above mentioned operat- 
ing lever was a cancellation key of the push type, 
permitting suppression of the previous setting. 
Lamps of suitable color indicated the combina- 
tion effected. Preparation of a microphone set-up 
before actually switching it in was thus a simple 
matter. 

A repeater signal board, indicating only the 
microphones actually connected, was provided 
for the stage manager. 

The relay box controlling the microphones 
was designed so that each relay operated a 
microphone and a signal indicating its connec- 
tion. The signaling device consisted of a pilot 
lamp, or of a more important visual “SILENCE” 
signal which functioned through relays and which 
was used in connection with the projector micro- 
phones to warn the operators of their operation. 
For special retransmission and other purposes, 
the signal was also used in connection with 
certain microphones located in the wings. 


Power Control 


Power control was effected from the relay box 
unit. Since it was, impracticable, for reasons of 
location, distance, and safety, to locate the pre- 
amplifiers within this unit, all adjustments were 
made through artificial lines connected between 
the preamplifiers and the power amplifiers. 
Independent adjustability of amplifiers and, in 
some cases, of loudspeakers was required for 
achieving the necessary flexibility and reliability. 
Power adjustments could be made prior to the 
operating periods. 

In addition to individual operating keys in the 
control switchboard, the relays were arranged 
for operation by the general level of the micro- 
phones. Amplifiers and preamplifiers were thus 
added or suppressed as required, and perfect 
quietness of the installation was attained. Pilot 
lamps also indicated the potentiometers in 
service and facilitated control of the equipment. 


Loudspeakers 


The three groups of loudspeakers for the ap- 
paritions—Heaven, Hell, and the Gallery of the 
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Virgin—were placed as close to the point where 
an actor was speaking as was possible without 
danger of “singing.” In most cases the actors, 
being motionless, supported the microphone 
themselves, and the loudspeakers—two per ap- 
parition—were at a distance of from 3 to 4 
metres from the actor. The directional effect 
thereby obtained was perfect, provided other 
microphones were not operating simultaneously. 
The loudspeakers transmitting the actors’ 
voices from the stage were mounted on either side 
of the public auditorium: on the buildings of the 
Hotel-Dieu Hospital lining the square on the left, 
and on metal pillars 15 and 20 metres in height 
on the right. The whole surface of the auditorium 
was divided into six zones, each zone being simul- 
taneously covered by two loudspeakers (or 
groups of loudspeakers) belonging, respectively, 
to the group on the right and on the left. 
Analysis relative to the disposition of these 
highly directive loudspeakers showed that: 


(1) In order to avoid echo effects, the difference 
in distance between the spectators of one 
zone and either the actors or the loud- 
speakers should not exceed 22 metres. 

(2) The two loudspeakers covering any one zone 
should be at approximately equal dis- 
tances from the centre of the stage. 


This disposition of loudspeakers made it possible 
to give a more or less perfect illusion that the 
sound was coming from the centre of the stage. 
To approximate the binaural effect, the relative 
intensity of two groups of loudspeakers was 
varied. 

While additional arrangements were made for 
the coverage of the front rows, spectators seated 
there were at some disadvantage as regards 
acoustic effect, as were also those in the lateral 
zones who were located too close to one or the 
other of a group of loudspeakers. 


Complementary Installations 


Complementary equipment was not installed 
on as elaborate a scale as the public address 
system, but its function was of no less impor- 
tance, since it enabled the stage manager and his 
different collaborators to act quickly. This sub- 
sidiary equipment consisted mainly of ordinary 


telephones, loudspeakers for giving orders, and 
light signals. 


Telephones 


A central battery manual telephone switch- 
board provided facilities for interconnection to 
the stage manager, the electricians, the public 
address operating switchboard, the main points 
of the performance, the organ gallery, the control 
points of the loudspeakers (galleries, platforms, 
and towers), and the distant apparitions, totaling 
approximately 20 points. A special telephone line 
was reserved for coordinating the chimes from 
Rouen. A skilled telephone operator was in charge 
of the switchboard. 


Paging by Loudspeakers 


A microphone was at the disposal of the stage 
manager, who by means of a keyboard could 
communicate instantly with the electricians, the 
organ gallery, or the public address operating 
switchboard. At the latter point, instructions 
were not given through loudspeakers, which 
would have disturbed the audience, but through 
head phones to a second operator assisting the 
first one. These head phones were subsequently 
left in permanent connection with the micro- 
phone of the stage manager so as to be in closer 
touch with him and to repeat the orders passed 
to other posts. 

Special precautions were taken to prevent the 
stage manager from using the loudspeaker at the 
organ by mistake while the adjacent microphones 
were working. Such use would have resulted in 
the retransmission of the orders throughout the 
square. When these microphones were connected, 
an imperative warning was given to the stage 
manager by a pilot lamp near the operating key 
of the loudspeaker; moreover, a relay then pre- 
vented the use of this loudspeaker. An additional 
operation allowed the stage manager himself, in 
case of necessity, to cut off the microphones of the 
organ to convey an urgent order. 


Signaling 

Certain starting signals, especially for musical 
renditions, were given by a pilot lamp. Similar 
indications as to procedure also were used in 


connection with certain actors and their associ- 
ated microphones. 


Recent Telecommunication Developments of Interest 


Ce CHECKING DEVICE FOR AUTOMATIC COIN 
Stot Macaines. The constantly increasing 
application in public places of distribution ma- 
chines for the purpose of facilitating the sale of 
commodities, railway tickets, and postage stamps, 
as well as in connection with in- and outdoor 
telephone service, emphasises the problem of 
finding means for preventing the dishonest use of 
such devices. To meet this need, the Bell Tele- 
phone Manufacturing Company, Antwerp, re- 
cently developed a coin checking mechanism 
which prevents refunding of coins through tam- 
pering and which, in addition, discriminates 
automatically between genuine and fraudulent 
coins. 

The device may be adapted to any machine 
used for the dispensing of commodities or serv- 
ices. As developed to date by the Bell Telephone 
Manufacturing Company, it is comprised in a 
public pay station system for single coins (local 
full automatic) and multiple coins (suburban 
and interurban automatic). 

Discrimination between genuine and fraudulent 
coins takes place in two ways: (1) dimensional 
checking, a method commonly used, but which 
must not be too close in view of the rather wide 
variations occurring in genuine coins; and (2) 
magnetic permeability checking. 

Machines to be used in Belgium will take 
three coins, namely, 25 centimes (U.S.A. value 
0.85 cents), 1 franc, and 5 francs. Because of the 
small value of the first mentioned coin, it was not 
thought worth while to guard against its fraudu- 
lent use other than by a check of dimensions. The 
two larger coins are composed of nickel alloy 
having a magnetic permeability intermediate be- 
tween iron and non-magnetic material. Since 
fraudulent coins are most likely to be made of 
cheap material such as iron, brass, or zinc alloy, 
the machine is designed to pass only coins of 
suitable permeability. 

For the separation of nickel alloy coins from 
iron and non-magnetic counterfeits, a magnetic 
scheme is utilised. Non-magnetic coins, of course, 
are not attracted to the magnet poles, while iron 
coins are firmly attracted. Nickel alloy coins on 
the other hand can be readily disengaged by a 
suitable force. Since the magnetic permeability of 
iron, compared to the Belgian nickel alloy coins, 


is in the ratio of five to one, ample margins of 
safety are readily obtainable. 

In designing the new mechanism, discrimina- 
tion between genuine and fraudulent coins by 
weight was discarded. Genuine coins, because of 
variations in dimensions due to wear, vary rather 
widely in weight; and furthermore, discrimina- 
tion of weight would require an accurate auto- 
matic scale. In addition, coins of cheap material 
but of equal weight could be used so that an 
automatic scale in any case would be of little use. 

It is expected that the new pay station system 
will be placed in service in Belgium shortly. 
Details of this system, including the coin check- 
ing device, will be published in a later issue of 
Electrical Communication. 


| Bee EQUIPMENT ON THE R.M.S. QUEEN 
Mary. Two of the twenty-four motor life- 
boats carried by the R.M.S. Queen Mary have 
been equipped with special radio communication 
and searchlight equipment developed by the 
International Marine Radio Company Limited, 
London, the supplier of the entire radio installa- 


259 


ELECTRICAL COMMUNICATION 


eect 


Transmitter and Receiver in Submergible Unit. 


tion for the Queen Mary. In addition to the spark 
transmitting and receiving set required by law, 
a special radio telephone installation is carried 
by each of the two lifeboats, the Queen Mary 
being the first ship to be thus equipped. 

The functions of the two radio-equipped life- 
boats, in case of emergency, are to act as con- 
trolling agents for the rest of the boats, to 
shepherd them, and to maintain contact with 
rescue ships, with one another and, if necessary, 
with the parent ship. 

The Type TG4 spark transmitter and receiver 
are combined in a single submergible unit which 
also houses auxiliary and testing gear. A battery- 
driven motor-generator, Morse key, headphones, 
etc., complete this section of the installation. 

The quenched spark transmitter consumes 300 
watts from the alternator, delivering an output 
well in excess of the Board of Trade requirement 
of 10 meter-amperes on the marine distress wave- 
length of 600 meters. The receiver is a 3-valve 
regenerative type. The accompanying illustration 
shows the simplified controls and conveys some 
idea of the rugged construction required for this 
type of service. 

The telephone transmitter and receiver are 
separate units, comprising a standard trawler 


type equipment. The transmitter (Type TS3) 
operates from a small battery-driven motor 
generator, and covers the ‘‘small ship” telephony 
waveband of 110 to 220 meters. The receiver 
(Type RM14) covers the band of 110 to 2,000 
meters. 

Both the telegraph and telephone sets derive 
their power supply from a common 22-volt 
nickel-iron battery and employ the same aerial, 
which is of the single wire type supported by 
collapsible masts. The operating range of both 
sets is well over 100 miles. 

The searchlight, mounted on top of the radio 
cabin, also operates from the same battery and 
has an illumination range of some 700 yards. 


ò è ə 


NFRA-RED BURGLAR ALARM. An interesting 
application of infra-red rays and photo-cells 
for burglar alarm and similar services has been 
developed by the Bell Telephone Manufacturing 
Company, Antwerp, Belgium. The equipment 
consists essentially of a projector of invisible 
infra-red “light,” a photoelectric cell responsive 
to infra-red rays only, and an amplifying system 
following the photo-cell. One or more mirrors 
permit the path of the infra-red beam to be 
deflected around corners or zigzagged across the 
area to be protected. 

For burglar alarm use, the mains-operated 
amplifier is connected to an alarm signal circuit 
so that a momentary interruption of the infra-red 
light beam will sound an alarm continuously. 
Since the alarm circuit is battery operated, failure 
of the mains or the apparatus, whether deliberate 
or accidental, will cause the alarm to function. 

The accompanying illustration shows the es- 
sential elements—the infra-red projector, mirrors, 
photo-cell, and amplifier. 
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Automatic Ticketing of Telephone Toll Calls 


By LESLIE B. HAIGH, M.A., A.M.LE.E., 


Development Laboratories, Bell Telephone Manufacturing Company, Antwerp, Belgium 


NEW telephone facility knownas Auto- 
A matic. Toll Ticketing, the first of its 

kind anywhere, was placed in public 
service on December 7, 1936, in the town of 
Bruges, Belgium. This event, which may have 
far reaching consequences, marks a further 
step forward in the evolution of communication 
systems. It demonstrates the practical pos- 
sibility of offering to a telephone subscriber the 
advantages of full automatic dial service for 
toll as well as local calls, coupled with an 
individual printed record of every toll call, in 
which no human agency, save the calling and 
called parties, has been involved. 

The Laboratories of the Bell Telephone 
Manufacturing Company, Antwerp, have been 
engaged for some time in studying the problems 
of introducing national dialing—“‘automatic 
toll’? service—in several European countries, 
including Belgium, where the most important 
towns — Brussels, Antwerp, Liége, Ghent, 
Charleroi, Tournai, Bruges—and many of the 
small towns and villages surrounding them, 
already enjoy automatic service for urban and 
rural calls. In Belgium, many of the signaling 
and transmission problems involved in long 
distance dialing have already been solved by 
the extensive introduction of operator dialing 
over toll lines with the aid of the 50-cycle and 
“two voice frequency” impulsing systems. 
The second method has been described in a 
recent article.* One of the difficulties in ex- 
tending toll dialing in Belgium to the subscribers 
themselves arises from the prevailing tariff law. 


*« The Application of Voice Frequency Signaling to 
C.L.R. Service in Belgium,” by G. E. H. Ménnig, Electrical 
Communication, October, 1935. 


Whereas a subscriber is charged for every toll 
call he makes, he is entitled upon payment of 
his annual rental to a limited number of local 
calls without extra charge. To comply with 
the law, the charges for toll and local calls must 
be computed separately. It follows that, if toll 
calls are to be metered automatically, each sub- 
scriber must be provided with a second message 
register for this purpose, a task of some com- 
plexity in existing automatic exchanges. Auto- 
matic ticketing also offers a solution to this 
problem. 


A Field Trial Installation 


The Belgian Régie has followed with interest 
the steps in the development since the idea of 
automatic ticketing was first mooted, and has 
assisted materially by giving the Bell Telephone 
Manufacturing Company the opportunity to 
tender upon several practical applications. 
Acknowledgment is due also to the engineers 
of The Hague Municipal Telephone Adminis- 
tration for the sympathetic interest they have 
shown in the discussions which have taken 
place on this subject. 

On April 22, 1936, the Régie placed with this 
Company an order for a field trial installation 
of automatic ticketing equipment in the Bruges 
exchange. This equipment was to permit calls 
to be established by dialing and without the 
intervention of an operator, from Bruges sub- 
scribers to subscribers in the neighbouring 
seaside town of Blankenberghe, nine miles 
away, and therefore outside the local zone. 

Both towns have had dial service for local 
‘calls for some years. Bruges is the toll switch- 
ing centre of West Flanders, and the 3000-line 
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automatic exchange, cut-over in October, 1932, 
was one of the first 7-D Rotary System installa- 
tions in Belgium (Fig. 1). Blankenberghe has 


Fig..1—The Telephone Exchange, Bruges. 


a 900-line exchange, also 7-D Rotary, dating 
from July, 1934, and it was designed at the 
outset for direct dialing in the direction 
Blankenberghe-Bruges on a multi-metering 
basis. Traffic in the opposite direction has 
hitherto been handled manually, the operators 
in Bruges dialing the numbers of the 
Blankenberghe subscribers, and supervising and 
ticketing the calls. 


Requirements of a System of Automatic 

Ticketing 

In any system of automatic ticketing of 
telephone calls, the absolute minimum of in- 
formation recorded upon each ticket must be 
such as to determine directly or indirectly the 
proper charge for the call and the identity of 
the subscriber to whom it is chargeable. The 
latter can evidently be conveniently indicated 
by his directory number. The charge can be 
computed in a variety of ways: directly by 
automatic means and recorded by a code or in 
monetary values; or indirectly from a record 
of the directory numbers of the calling and 
called subscribers (or of the unit tariff), together 
with the duration of the call (or the time of 
commencement and termination). 

In the installation in question, a record is 
made upon each ticket of more particulars than 
are strictly necessary and the ticket is thus 
both adequate for accounting purposes and 
acceptable to the subscriber. The record con- 


sists of the directory numbers of the two 
subscribers, the tariff per time-unit of conversa- 
tion, and the number of such units expended. 
The date and the time of day (to the nearest 
5 minutes) are also recorded for the benefit and 
satisfaction of the subscriber, together with 
identification marks useful to the operating 
staff. 


Comparison of Present and Previous Routing 


It is interesting to compare the routing of 
calls since automatic ticketing was introduced 
with the method by which the same calls were 
established previously by operators, and there- 
after to examine the problems involved in 
obtaining automatically the information which 
those operators themselves recorded upon the 
tickets. 

Before the introduction of automatic ticket- 
ing, a Bruges subscriber desiring a connection 
to a Blankenberghe subscriber first dialed 
special service “O02.” The Bruges register 
routed the call over first and second group 
selectors (see A, Fig. 2) to a jack circuit at one 
of the rural positions. An operator inserted a 
plug in the jack and enquired both the number 
of the caller and the number desired. She 
then inserted the second plug of the same cord 
in the calling subscriber’s multiple jack. Having 
verified the correctness of the information 
given, she released the original dialed connec- 
tion by a key and transferred the first plug into 
the jack of a line to Blankenberghe. Another 
Bruges register attached itself to this line and 
the operator dialed into it the five digits of the 
desired number. The register routed the call 
to the line of the Blankenberghe subscriber 
and, whilst awaiting his reply, the operator 
prepared a ticket for record. At the end of the 
call the ticket was completed and despatched, 
together with other toll tickets, to the sorting 
table. 

The new service has simplified the procedure 
whilst involving a minimum of modification of 
the existing plant. The lines to Blankenberghe, 
hitherto accessible only to operators, now appear 
in the arcs of the first group selectors and are 
each furnished with a printing register and a 
controlling relay group or “outgoing repeater” 
containing timing apparatus (see B, Fig. 2). 
A Bruges subscriber dials, instead of “02,” 
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the number of the subscriber he desires to call. 
The routing register selects a line to Blanken- 
berghe over the first group selector and then 
routes the call directly to the desired line in 
that town. A printing register, associated with 
the outgoing end of the toll line, is supplied 
automatically with the necessary information 
for the recording of the call. When the call is 
finished, the register produces a ticket with the 
information printed upon it and ejects it through 
a chute into a container. 


Printing the Number of the Called Subscriber 


Although the Blankenberghe exchange as yet 
has less than one thousand subscribers, it is in 
the Bruges rural area in which all subscribers 
have five digit directory numbers. It follows 
that all the Blankenberghe subscribers have 


numbers beginning with the same two digits, 
which the routing register recognises as indicat- 
ing a Blankenberghe call and translates into the 
single train of impulses required for the selec- 
tion at the first group selector. The remaining 
three digits are transmitted without translation 
to the outgoing relay group, which relays the 
impulses both to Blankenberghe and to the 
digit-wheel in the printing register. The lat- 
ter thus receives the last three digits and 
prints them upon a paper strip as they arrive, 
but receives no indication of the first two 
digits. However, these: digits are always the 
same, as already stated, and the printing register 
is furnished with a patented device whereby at 
the first printing operation they are printed in 
front of the digit received. The strip now carries 
a record of the called subscriber’s number. 
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Fig. 3—The Calling Line Identification Equipment. 


Printing the Charge per Time-Unit of Con- 


versation 


As soon as the selection of the desired line is 
complete, the routing register disconnects itself, 
and from this moment two series of operations 
take place simultaneously. On the one hand, 
upon the reply of the called subscriber, timing 
of the call begins in the outgoing relay group 
and, after the usual six seconds of “free time” 
have been counted, the call is registered as 
“effective” and chargeable by the operation of 
a relay. On the other hand, one of a common 
group of “printing register control circuits” 
attaches itself over a finder switch to the out- 
going relay group and proceeds to direct the 
printing of the “tariff” or charge per time-unit 
of conversation. In the present installation, 
since only calls outgoing from Bruges to 
Blankenberghe are as yet ticketed automatically, 
this operation is quite simple, for the tariff is 
always Frs. 0.80. The printing register is 


capable of printing any number composed of 


four digits and can also print a “dash” when 
required. The control circuit accordingly 
creates the requisite trains of impulses and 
transmits them to the digit-wheel in the print- 
ing register for printing at the end of each train 
of impulses. In order to separate francs and 
centimes by a “dash,” the printing signal is 
given to the register without any impulses to 
the digit-wheel, and the strip now carries also 
the inscription 0-80. 


Printing the Number of the Calling Subscriber 


The next operation presents greater difficulty. 
It is necessary, in the first place, to determine 
the identity of the calling line, which can be 
achieved only by tracing the call back to the 
line equipment; and, in the second place, to 
convey this information from the line equipment 
to the printing register. Since these two points 
in the connection are separated by first and 
second line finders and first group selectors, 
which: were already existing, the provision of a 
new signaling path by the addition of brushes 
to these switches was evidently impracticable. 
The use of alternating currents at voice fre- 
quency made an economical solution possible, 
involving a very small amount of modification 
and disturbance to existing equipment. In 
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each “link circuit” a condenser is connected 
between one of the brushes of the first group 
selector and the “metering” brush of the second 
line finder. A lead is run from the metering 
brush of each first line finder through a con- 
denser to new and patented equipment known as 
the “Calling Line Identification” equipment. 
Finally, a connection is made from every 
subscriber’s message register to this equip- 
ment. 

To initiate the identification process, the 
printing register control circuit connects a 
2,000-cycle tone to a lead in the outgoing relay 
group, whence it passes through the link into 
the identification equipment. Here it is 
detected in a starting circuit containing a 
thermionic valve; and a group identifying 
finder in one of a group of “identification 
control” circuits, which has been preselected 
by an allotter, begins to rotate. This finder has 
a terminal in its arc reserved for each group of 
first line finders, and to this terminal are con- 
nected the leads coming from the metering 
brushes of all the first line finders in that group. 
The calling tone thus finds its way to one of 
these terminals, and assoonas the rotating finder 
reaches this terminal, the tone is detected a 
second time by another thermionic valve and 
the rotation is arrested. The position in which 
the finder has stopped now indicates the group 
of first line finders which has access to the 
calling line. In Bruges, although jumpering 
facilities between the first line finder and final 
selector multiples are provided, all lines are 
jumpered “straight,” that is, they appear in 
corresponding positions on the line finder and 
final selector arcs. It follows that, when the 
group of first line finders having access to a 
line is known, all the digits of that line’s number 
except the last two are equally known. The 
first step in the identification of the calling line 
is thus achieved. 

The next step is to determine the position in 
which the brushes of the first line finder are 
standing, since this fixes the “tens” and “units” 
digits of the line number. To this end several 
groups of line identifying finders are provided. 
To the arcs of these finders the leads coming 
from the subscribers’ metering wires are con- 
nected, one hundred lines to a level. There 
are three such levels on each finder, which 


Fig. 4—The Printing Register Control 
Equipment. 


therefore has access to 300 lines. The calling 
tone thus finds its way also to an arc terminal of 
each of the finders in one of the groups, the 
group being already known from the position 
of the group identifying finder. A finder in 
this group is accordingly chosen by the identi- 
fication control circuit, through its finder 
chooser, and begins to rotate. When the brush 
reaches the terminal carrying the tone, the 
valve in the control circuit immediately detects 
it and the rotation is arrested. The position of 
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the brushes indicates the last two digits of the 
line number, which has now been completely 
identified. As soon as this occurs a tone of a 
different frequency is transmitted in a forward 
direction from the identification control circuit, 
to the printing register control circuit, over the 
same path in which the calling tone is still 
being propagated in the opposite direction. It 
is detected by a valve and causes the calling 
tone to be disconnected. 

The final step is to transfer the number of the 
calling line to the printing register. This is 


Fig. 5—The Layout of the Relays and 
Valves. 
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achieved by transmitting, again over the same 
path and to the same valve, trains of impulses 
of alternating current at tone frequency, con- 
trolled digit by digit in accordance with the 
positions assumed by the group and line 
identification finders. The impulses are relayed 
to the printing register and the digits printed 
one after the other upon the paper strip. The 
strip now carries a record of the directory 
numbers of the lines in communication and of 
the tariff chargeable, and the printing register 
is ready to record indications of the duration 
of the conversation. 


Recording the Duration of Conversation 


By this time, an average of perhaps 15 seconds 
after the end of selection and the beginning of 
ringing, conversation may already have begun. 
If, or when, the call is registered as ‘‘effective,” 
a signal is sent to the printing register and three 
small holes are punched one after the other in the 
paper strip. The time-unit of conversation in 
Belgium is normally three minutes; long- 
distance toll calls are, however, charged per 
elapsed minute after the first period of three 
minutes. For the sake of uniformity, the print- 
ing register has been designed to punch three 
holes, each representing a chargeable minute, 
upon receipt of the first signal and thereafter to 
punch one hole for each succeeding signal at 
one minute intervals. 

The timing mechanism in the outgoing relay 
group consists of a step-by-step switch advanced 
under the control of a master chronometer. 
It sends signals to the printing register when the 
call is “effective,” as already stated, and at the 
end of every minute thereafter, except the first 
two, when signals are unnecessary because 
three holes have already been punched. During 
the punching of these first three holes, the 
opportunity is taken to print the date, the time 
of day, and the machine’s own identification 
mark and serial number. The three printing 
operations are spread over the three punching 
operations to reduce the load on the moving 
parts. Whilst conversation is in progress, the 
paper strip thus acquires further records 
indicating when conversation began and how 
long it lasted, together with useful identifica- 
tion marks. 
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Completing the Ticket 


When the outgoing relay group receives the 
signal to release, the printing register advances 
the paper strip, if this be necessary, until 
sufficient paper to make a ticket of normal 
length has passed the knife. It then severs the 
strip and ejects the ticket into a chute. 


The Identification Equipment 


Theoretically, the relay and valve equipment 
composing the identification starting circuit 
could be common to the whole exchange ; and 
a single group of identification control circuits 
would suffice. In order to increase the security 
of the new service in this trial installation and 
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Fig. 6—The Printing Register with Cover in Position. 


Fig. 7—The Printing Register with Cover Removed. 
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to avoid any possibility of unforeseen trouble 
throwing the whole identification equipment 
out of action, it was deemed advisable to provide 
a starting circuit for each 300 lines and a group 
of identification control circuits for each 1,500 
lines. Two circuits in each group could easily 
carry the traffic expected from these lines but, 
also for reasons of security, space was reserved 
for a third. A group of identification finders 
was provided for each 300 lines, two finders 
being equipped with space reserved for a third. 
The whole of this equipment is accommodated 
upon three bays (Fig. 3). The centre bay 
mounts 30 identification finders and it will be 
seen that every third space is vacant. The other 
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Figs. 8 and 9—Front and Rear Views cf thz Printing Register 
Bay. 


two bays are of the “combined ” type, mounting 
the finders of the identification control 
circuits at the bottom, and the relay and valve 
equipment of these circuits and of the starting 
circuits above. The top finder on each com- 
bined bay is a routine test access finder. The 
bay is thus a complete unit serving 1,500 lines. 
(Fig. 5 shows the layout of the relay and valve 
equipment.) 

The printing register control circuits, inas- 
much as they contain the valve and relay 
equipment for converting voice frequency 
signals into direct current signals, may be con- 
sidered as accessory to the identification 
equipment proper. ‘They are mounted on 
another “combined? bay together with the 
outgoing relay groups. The bay mounts ten relay 
groups at the top and three control circuits with 
their finders at the bottom; Fig. 4 illustrates 
the lower part of the bay. Figs. 3 and 4 
together give an idea of the small amount of 
rack-mounted equipment added to a 3,000-line 
exchange, purely for purposes associated with 
automatic ticketing. 


The Printing Register and Its Bay 


Figs. 6 and 7 illustrate the power-driven 
printing register, and Figs. 8 and 9 show front 
and rear views of a patented apparatus bay 
designed to mount ten such printing registers 
together with suitable motor control and super- 
visory equipment. 

The register measures 532 by 300 by 118 mm. 
(21 by 12 by 42 in.) overall, and is designed 
to jack-in from the rear of the bay. With the 
machine properly jacked-in, a flexible gear 
wheel protruding from the front (see Fig. 7) 
can be brought into engagement with the 
rotating vertical shaft of the bay. Through 
bevel gearing, the flexible wheel drives a shaft 
carrying mechanical cams. The different print- 
ing operations and the punching, cutting, and 
ejecting operations are controlled by these cams, 
which are engaged with the shaft in the proper 
sequence by mechanical means. 

A strip of paper is fed from a roll into the rear 
of the machine, where it is caught between 
friction rollers, and passes between guides 
before various type wheels, a punch, and a 
knife ; and the cut tickets are ejected through a 
deflector-slot into one of two chutes running 
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Fig. 10—Illustrating the Arrangement of the Ticket. 


down the front of the bay. At the foot of each 
chute is a container, one for tickets of all kinds 
recording subscriber calls, and the other for 
routine test tickets which are separated auto- 
matically from the rest by the hinged deflector- 
slot. The bay is so designed that at a later 
date, when the traffic has increased sufficiently, 
the first container can be removed and the 
tickets conveyed by a belt conveyor direct to the 
sorting desk. 

For each operation the cam shaft makes one 
revolution and the paper strip is advanced one 
step. The register has a normal cycle of 36 
operations; the normal ticket thus has a 
length equivalent to 36 steps. The first 21 
Operations are concerned with the printing 
of the called and calling parties’ directory 
numbers and the tariff with suitable spacing 
between them. The next 14 are punching or 
spacing operations, according to the duration of 
conversation; and the last is the cutting and 
ejecting operation. Calls lasting 14 minutes or 
less are thus recorded on a ticket 36 steps long. 
For calls lasting longer than 14 minutes, the 
ticket is extended without limit beyond its 
normal length. The date and the time of day are 
printed from type-wheels advanced by impulses 
transmitted by a master clock. The fixed 
type, from which are printed the register’s 
own identification mark and the invariable 
digits prefixed to the called line number, are 


carried on members arranged to jack-in and are 
therefore readily changeable. The other 
numbers are printed digit-by-digit from a type- 
wheel advanced by current impulses from the 
associated relay group and restored mechanically 
after each printing operation. A standard 
typewriter ribbon supplies the ink for printing 
and is advanced and reversed automatically. 


The Ticket 


Fig. 10 is a full size illustration of a typical 
ticket of normal length. It measures 116 mm. 
by 30 mm. (4% in. by 14 in.). It will be seen 
that, although each of the line numbers shown 
has five digits, the printing register is capable 
of printing calling line numbers with up to six 
digits and called line numbers consisting of up 
to seven variable digits preceded by one or two 
invariable digits. The discrepancy between 
the two numbers is explained by the necessity, 
in the case of long distance calls, of indicating 
the identity of the area or town to which the 
called number belongs. 


The New System Proves Its Worth in Advance 
of Cut-Over 

The first ticket recording a commercial 
call bears the date October 6. How it came to 
be produced two months before cut-over is a 
story in itself, and illustrates the immense 
value of the documentary evidence afforded by 
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such a record. Fig. 11 is reproduced from a 
photograph of this interesting ticket. 

On the day in question, testing of the equip- 
ment was in progress in preparation for a 
demonstration arranged for October 8. 
Amongst the test tickets in the container, a 
ticket was noticed which carried two regular 
subscribers’ numbers. ‘The calling number was 
found upon investigation to belong to a railway 
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Fig. 11—Record of the First Call Ticketed Automatically. 
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depot in Bruges. This number was immediately 
called up by the Administration and the 
official who replied was informed that a call 
had been put through automatically to 
Blankenberghe railway station. This was, of 
course, contrary to regulations because the new 
service was not yet open to the public. The call 
was at first emphatically denied, as might have 
been expected, since only the person in charge 
of the depot is allowed to make calls outside the 
Bruges local area. Eventually, when the 
overwhelming evidence of the date, time, 
numbers involved, and duration of conversa- 
tion was appreciated, the call was reluctantly 
admitted by an employee—and duly charged. 


The Perpetual Clock Circuit (Patented) 

An interesting innovation in the new equip- 
ment is the arrangement for adjusting auto- 
matically the type-wheels in the printing 
registers from which the date is printed. 
Precisely at midnight every day an impulse must 
be sent to all the date counters to advance the 
day of the month. At the end of the month two 
difficulties arise. In the first place, any counter 
constructed with tens and units digit wheels 
must necessarily have a cycle which is a multiple 
of ten steps. Actually the date counters have a 
cycle of fifty steps. At the end of each month, 
therefore, when a new cycle begins, the counters 
must be advanced. Secondly, the number of 


steps varies from month to month, as the number 
of days in the month varies. A special arrange- 
ment for dealing automatically with this situa- 
tion has been devised. A small relay group and 
four step-by-step switches receive an impulse 
at midnight every day, and the switches are 
advanced according to a combination which 
is such that their relative positions are repeated 
only once in four years. ‘The days of each 
month are counted and the appropriate number 
of impulses are transmitted to all the printing 
registers at the end of the month. During this 
process of adjusting the monthly cycles, the 
printing registers are prevented from recording 
non-existent dates, such as the 36th day of the 
month. The changeover from “summer time” 
to “winter time” by automatic means is not 
possible owing to the varying dates when these 
changes occur, but precautions have been 
taken to enable the adjustment to be made, 
without interfering with the service, by a 
member of the exchange maintenance staff. 


Further Developments 


Since the day of cut-over the automatic 
ticketing equipment has functioned smoothly, 
and the quality of the service has in every way 
fulfilled expectations. The exchange is being 
maintained by the regular maintenance staff 
and no unforeseen difficulties have been en- 
countered. Evidence of the impression the 
system has made is furnished by the fact that a 
further order was placed on November 4, 1936 
with the Bell Telephone Manufacturing 
Company for four new automatic exchanges 
for. the towns of Zeebrugge, Heyst, Knocke, 
and Le Cog, all in the Bruges rural area. For 
these exchanges, which are to be in service in 
time for the summer season of 1937, automatic 
ticketing is specified for all rural calls for which 
the charge exceeds the local call fee. The 
centralisation of all printing registers at the 
toll switching centre, Bruges, represents a 
further advance in the art and constitutes 
another advantage over multi-metering, inas- 
much as the tedious collection of meter records 
from outlying localities is avoided. It is 
intended to give an account of the measures 
taken to attain this end, and to describe in 
greater detail, in a separate article, the mechan- 
ical features of the printing register. 


Automatic Printing Register for Telephone 
Call Recording 


By L. DEVAUX, 


Les Laboratoires, Le Matériel Téléphonique, Paris, France 


HE trend towards the adoption of full 
automatic switching systems for toll 
connections has created a demand for 

a recording mechanism which can produce 
automatically a charge ticket for each call, 
corresponding to the tickets prepared by the 
operators in manual switching systems. Such 
an apparatus, known as a printing register, has 
been developed by Les Laboratoires L.M.T. ; 
it is believed to be new in the telephone art, and 
has been widely protected by patents. 


Function of the Printing Register 


The object of the printing register is to 
produce a separate ticket for each call established 
through the trunk with which it is associated. 
On the ticket, the following indications are 
recorded: the called subscriber’s number, the 
charge per time-unit of conversation, the 
calling subscriber’s number, the date and time 
of day of the connection, the identification mark 
of the machine which has made the ticket, a 
serial number and the number of elapsed 
time-units of conversation. 

The ticket printer is an electro-mechanical 
apparatus operated by impulses delivered by 
the automatic central office equipment; its 
functions are to record all indications delivered 
to it in sequence by the automatic equipment, 
and to send alarm and suitable status signals to 
the latter. 

A ticket is made from a continuous strip of 
thick paper wound on a roll; the numbers are 
printed, the elapsed time-units are recorded by 
punched holes, then the tape is severed and 
the ticket is ejected. ‘Ihe printing of the 
subscribers’ numbers and the charge per 
time-unit is made digit by digit. The date, the 
time of day and the serial number are printed 
in three operations, one for each. The duration 
of the connection is recorded by punched holes 
which are made one by one at the beginning of 
every minute, except that the first three-minute 


unit is recorded by three holes shortly after the 
called subscriber answers. 

The printing register is necessarily a rather 
complicated piece of apparatus, and the 
description which follows is intended to give 
only a general idea of its principle of operation 
inasmuch as a complete description would 
occupy too much space. 


Mechanical Principle 


The mechanism is shown schematically in a 
simplified form in the figure (page 274). In 
order that certain parts might be illustrated, it 
has been necessary to depart somewhat from 
the actual structure of the apparatus. 

The mechanical operations of the printing 
register are controlled by three revolving 
shafts: main cam shaft MCS, counting shaft 
CS and shifting shaft SS. Mechanical power 
is imparted exclusively to the main cam shaft, 
and is conveyed thence by cams only. The 
main cam shaft is driven by a continuously 
rotating vertical shaft through a flexible gear in 
the same way as in the Rotary Automatic 
telephone system, a method which more than 
twenty years of experience has shown to be 
satisfactory. The flexible gear is shown at 
FG; it drives the main cam shaft, MCS, 
through bevel gears AP. 

Control of the register from the outside is 
effected exclusively by closing electrical circuits 
at appropriate times to operate a series of 
electro magnets DM, MP, HP, CM and 
DGM. The function of each is explained later. 

The main cam shaft carries a number of 
cams; some are clutched and perform opera- 
tions which are repeated at each revolution of 
the shaft; others are clutched in sequence. 
These latter cams are mounted on bushings 
which can slide freely on the shaft, each bushing 
having a slot acting as a dog for engaging a 
corresponding pin on the shaft. The sliding 
motion of each cam unit is imparted by an 
undulated disc, which is rigidly mounted on 
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Mechanism of Automatic Printing Register Shown Schematically in Simplified Form. 


the shifting shaft SS and which passes between 
the prongs of a fork carried by the cam unit. 

The cams are shown on the figure as follows : 

PAC, paper advancing cam, always clutched ; 

DRC, digit wheel resetting cam, always 
clutched ; 

DPC, digit printing cam, clutched for printing 
subscribers’ numbers and tariff ; 

PSC, paper severing cam, clutched for 
severing the paper strip when the ticket is 
complete ; 

NPC, identification mark and serial number 
printing cam, clutched for printing a serial 
number and a mark proper to the machine ; 

HPC, hour printing cam, clutched for print- 
ing the time of the connection ; 

MPC, date printing cam, clutched for printing 
the day and month ; 

PC, punching cam, clutched for punching 
holes denoting the duration of the connection; 

ERC, ejecting roller spring winding cam, 


always clutched for winding up the clock 
spring of the ejecting rollers ; 

CSC, counting shaft advancing cam, always 
clutched ; 

CMC, clutch magnet and reverting impulse 
cam, always clutched for operating contact 
springs ; 

Ink ribbon advancing cams not shown on 
the illustration, always clutched. 

A stopping and centering disc, SCD, is 
clamped on the main cam shaft; it contains a 
notch which is engaged by the tip of the 
armature of the clutch magnet to fix exactly 
the home position of the main cam shaft. 


Cycle of Operations 

The cycle of operations consists of 36 or more 
revolutions of shaft MCS and one revolution 
each of shafts CS and SS. In consequence of 
the latter, CS and SS can be concentric and 
interrelated by a spring drive. Counting shaft 
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CS has 36 positions and is rotated step by step, 
one step for each revolution of main cam shaft 
MCS, winding up the clock spring, SSS, 
which drives shifting shaft SS. 

A ticket is made from the paper strip, PS, 
which is advanced step by step by the rotation 
of cam shaft MCS; the normal ticket, accord- 
ingly, has a length of 36 steps. 

Shifting shaft SS has seven positions and is 
advanced by the unwinding of the driving 
spring under the control of an escapement 
carried by the armature of a magnet, SCM. It 
sets the printer to enable it to perform seven 
distinct and selectable functions in sequence, 
namely: printing a digit, printing the date, 
printing the time of day, printing the serial 
number, punching a hole, advancing the paper 
without printing or punching and separating 
the tickets. 

The interaction of shafts CS and SS is con- 
trolled within the printing register by electrical 
circuits closed by contact cams CCC and SCC 
on the two shafts, respectively. Regular 
Rotary sequence switch cams and spring nests 
are used. 


Printing Numbers 

The register, initially, is prepared to print 
the digits of the subscribers’ numbers and the 
charge per time-unit; the dog of the digit 
printing cam, DPC, is engaged by a pin of the 
main cam shaft, MCS, as shown. 

The paper strip, PS, wound on a roll, PR, 
is fed into a channel (not shown in the illustra- 
tion) and is advanced step by step by a pair of 
friction rollers, APR, which are controlled by 
a ratchet wheel and a pawl. The paper first 
passes in front of the digit printing wheel, 
DPW, an ink ribbon, IR, being inserted between 
paper and wheel. 

The digit printing wheel is under the pressure 
of a spring through a pinion and a toothed 
sector, TS, and is held in position by a ratchet 
wheel, DRW, engaged by an _ escapement 
anchor carried by the armature of a controlling 
magnet, DM. Besides the digit printing wheel, 
DPW, there is a prefix type, PT, which at the 
beginning is in position to be printed on the 
paper. 

The controlling magnet, DM, receives 
external impulses corresponding to the first 
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digit. The escapement pawl oscillates and the 
type wheel rotates step by step under the action 
of the spring of the toothed sector; the first 
digit is now opposite the paper strip as it is 
actually shown in the illustration. An impulse 
is next sent to the clutch magnet, CM, and the 
cam shaft, MCS, makes one full revolution, 
driving the digit printing cam, DPC, and the 
digit wheel resetting cam, DRC, the latter being 
rigidly fixed on the shaft. 

The first cam moves a bar, DB, carrying a 
printing pad, PP, which applies the paper strip 
both to the digit type of the wheel and to the 
prefix type, which are thus printed. Immedi- 
ately afterwards, the resetting cam, DRC, 
moves the resetting lever, RL, which drives 
the type wheel to its home position by means 
of the toothed sector, TS. During the resetting 
operation the paper advancing cam, PAC, 


- fixed on the main cam shaft, acts upon a bar, 


PAB, which drives the rollers, APR, by means 
of a pawl and a ratchet wheel, and the paper 
strip is advanced one step. 

A fourth cam, CSC, drives the cranked lever, 
CL, bearing a pawl which rotates the counting 
shaft, CS, through an angle corresponding to 
one tooth of the ratchet wheel. This small 
rotation of the counting shaft disengages the 
prefix type, PT, so that it will not again be 
printed. The prefix type is pulled by a wire, 
PW, secured at the end of an arm, PAI, fixed 
to a second arm, PA2, the end of which bears 
upon a spiral cam, PTC, on the counting shaft. 
When this shaft rotates, the end of arm PA2 
escapes from the end of the spiral cam and, 
under the action of its spring, the arm PAI pulls 
the prefix type, which rotates and becomes. 
disengaged. 

The same cycle of operations is repeated for 
all the digits (seven on the first model) of the 
number to be recorded first ; that is, the called. 
subscriber’s number, the paper strip advancing: 
each time by one step, and the counting shaft 
rotating one tooth. l 

When all the digits of the first number are 
printed, the counting shaft is in position 8, 
where a contact closed by one of its cams, 
CCC, causes the clutch magnet, CM, to become 
energised. The cam shaft rotates twice, causing 
the paper to advance two steps and the printing 
pad to press the paper strip on the digit wheel, 
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but since no digit is displayed, two dashes only 
are printed and serve to separate the first number 
from the second. 

The counting shaft, CS, is now in position 10, 
and the printer is ready to receive the digits 
of the tariff exactly in the same way as for the 
first number. At this moment a reverting 
signal is sent to the automatic exchange. Four 
digits are allotted for the charge per time-unit, 
and the counting shaft moves to position 14 
where it again causes the main cam shaft to 
make two revolutions, and two dashes are 
printed. 

The counting shaft moves to position 16 
and signals again by a reverting impulse that 
it is ready to register the calling subscriber’s 
number; this latter number of 6 digits is 
printed in the same way, and the counting shaft 
moves to position 22. 

All numbers are now completely printed and 
the digit printing mechanism is placed out of 
action as explained subsequently. 

During the printing of the numbers the 
paper strip passes between the blades of a 
cutter, PSK, and, when these operations are 
completed, it arrives in front of the date (month 
and day), the time of day (hour and minutes), 
and the serial number of the printer which are 
shown, respectively, at MP, HP and SNP. 

The printer must now be set to register the 
first chargeable period of conversation. 


Printing the Date, Time of Day, etc. 


The shifting of the mechanism is accom- 
plished by the shaft, SS, which, as already 
stated, carries undulated discs which control 
the clutching of the operating cams of the main 
cam shaft. 

The contact cams of the counting shaft close 
the circuit of the shifting shaft controlling 
magnet, SCM, which operates an escapement 
pawl, causing the shifting shaft to rotate under 
the action of a clock spring, SSS. Consequently, 
the digit printing cam, DPC, is declutched and 
two other cams are clutched : the punching cam, 
OC, which drives a punching tool, PT, and the 
date printing cam, MPC, which drives a pad, 
MPP, for applying the paper strip to the type 
wheels of the month and day printer, MP. 
This latter apparatus resembles a message 
register; it is controlled by a master clock 


which sends an impulse at midnight every day 
for advancing the wheels. 

The printer now sends a reverting impulse 
for signaling that it is ready to receive an 
impulse, indicating the beginning of a chargeable 
period. When this latter impulse arrives and 
energises the clutch magnet, CM, the main 
cam shaft makes one revolution: the date is 
printed, a first hole is punched, the paper is 
advanced one step, and the counting shaft is 
driven to position 23. 

In this position, the circuit of the shifting 
shaft controlling magnet, SCM, is again closed 
locally and the shifting shaft rotates, freeing 
the date printing cam, MCP, and clutching 
another cam, the time of day printing cam, 
HPC, controlling the printing pad, HPP, in 
front of the wheels of the time of day printer, 
HP. This latter is similar to the date printer 
and its type wheels are operated every five 
minutes by impulses delivered by a master clock. 

As soon as this cam shifting operation is 
completed, the contact cams of the shifting 
shaft close the circuit of the clutch magnet and 
the cam shaft makes another revolution for 
printing the time of day and punching a second 
hole. 

A cycle of operations, similar to the preceding 
one, occurs for shifting the cams: the hour 
printing cam, HPC, is freed, the serial number 
printing cam, NPC, is clutched, after which the 
cam shaft makes a third revolution. The pad, 
NPP, applies the tape to the fixed types and 
type wheels of the serial number printer, SNP, 
for printing identifying marks denoting the 
machine printing the ticket and a serial number 
set by number wheels. These wheels are 
advanced by one unit for every ticket made by 
the machine by means of a pawl driven by an 
oscillating lever, SNL, controlled by the 
printing bar of the time of day printer. 

The counting shaft has been advanced each 
time for the two last operations and is now in 
position 25. All printing operations are now 
finished : serial number printing cam, NPC, is 
freed by the rotation of the shifting shaft, but 
the punching cam, PC, remains clutched. 


Registering Duration of Conversation 


The printing register is now ready to record 
the duration of the conversation. For this 


ELECTRICAL COMMUNICATION 


277 


a III aŘaaaħħĖ 


purpose, an impulse is sent at the beginning of 
every minute (after the first three minutes) by 
the automatic exchange equipment in order to 
energise the clutch magnet, CM, and to rotate 
the main cam shaft once, causing a new hole to 
be punched each time, as well as the paper and 
the counting shaft to be advanced. 

As the normal ticket is made in 36 steps, 
there is room for 11 holes in addition to the 
first 3, corresponding to a conversation of 
14 minutes’ duration. After this time, the 
counting shaft is in position 36 in which the 
driving pawl bears upon a part of the rim of the 
ratchet wheel, CSR, where a tooth has been 
removed ; thus, if more time punching impulses 
are received, the paper is punched and advanced, 
but the counting shaft is no longer driven, 
remaining in position 36. A ticket longer than 
the normal dimensions may thus be made for 
a practically unlimited conversation. 

Frequently the time allowed for a toll con- 
nection is limited to 6, 9 or 12 minutes, accord- 
ing to the intensity of the traffic. The printing 
register provides a simple method of interrupt- 
ing the conversation after the maximum allowed. 
time has elapsed. The position of the counting 
shaft denotes the duration of the conversation ; 
it is in position 25 during the first three minutes. 
It passes to position 26 at the beginning of the 
fourth minute when the time impulse is received, 
and so on. The contact cams of the counting 
shaft are arranged to send a reverting impulse 
either in position 28, 31 or 34, at the beginning of 
the 6th, 9th or 12th minute of conversation, so 
that the automatic exchange equipment may 
send at the proper moment a signal over the line 
informing the subscribers that the connection 
will shortly be broken, and may then make the 
disconnection. 


Completion of the Ticket 


At the end of the conversation, when the 
automatic equipment releases, the printing 
register advances the ticket up to 36 steps, 
provided this position has not already been 
reached as a result of the duration of the 
conversation. If the counting shaft is already 
in position 36, the conversation has lasted 
14 minutes or more and the ticket is of normal 
length or longer. 


In the first case, when the clearing signal is 
reccived, the shifting shaft is rotated to declutch 
the punching cam, PC, without clutching 
another cam. Then the clutch magnet, CM, is 
energised and the main cam shaft rotates con- 
tinuously until the counting shaft reaches 
position 36. During this operation the paper 
is advanced step by step without being punched. 
Since the counting shaft is then in position 36, 
the shifting shaft, SS, rotates one position and 
the paper severing cam, PSC, is clutched. 

In case the disconnection occurs when the 
counting shaft is already in position 36, the 
shifting shaft, SS, rotates two steps and the 
paper severing cam, PSC, is clutched. 

The rotation of the main cam shaft occurs 
immediately afterwards; the paper strip is 
pressed against the knife, PSK, by lever KA, 
driven by cam PSC, and is severed. The ticket 
is now detached; it must be ejected, into a 
chute. ‘This operation is achieved by, a ticket 
ejector composed of two friction rollers, -ER1 
and ER2. One of them, ERI, is provided with 
a clock spring which is wound up step by step 
by a pawl, EP1, and a cam, ERC, of the main 
cam shaft during the preparation of the ticket, 
but the roller, ER1, is prevented from turning 
back by a second pawl, EP2. The knife 
armature, KA, drives a long lever, EL, which, 
by means of bar CR, oscillating plate OP and 
pin ERP, disengages both pawls, EP1 and 
EP2, just after the ticket is separated and, at 
the same time, it acts on a spring (not shown in 
the illustration) to apply the second roller, 
ER2, to the first one, the ticket being pressed 
between them. Under the action of the clock 
spring, both rollers rotate rapidly and throw the 
ticket through the oscillating guide, OG, into 
an appropriate chute. 

The lever, EL, has another function: it 
drives the counting shaft out of its 36th position 
to reset it at its starting position. For this 
purpose, a double operation is imparted to the 
driving pawl, which is thus carried beyond the 
dead position of the missing tooth in the ratchet 
wheel, CSR; the pawl being actuated through 
the agency of the connecting rod, CR, which 
links lever EL with the cranked lever CL. 
After this, the shifting shaft rotates one step 
more to free the paper severing cam, PSC, and 
to clutch again the digit printing cam, DPC. 
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The printing register is now in its starting 
position ready to print another ticket. The 
associated trunk, kept “busy? during the 
interval required to complete the ticket, is 
now free. 


Special Tickets 


The above sequence of operations takes place 
for a regular “‘effective” connection, but means 
have been devised to have the machine take care 
of “premature release” and “no reply calls.” 
In both cases, when the disconnecting signal is 
received, the shifting shaft is rotated to unclutch 
all cams ; then the main cam shaft is rotated to 
complete the ticket to the normal length 
exactly as in the case of a regular ticket, but 
without any further recording. Severing and 
ejection are accomplished exactly as for a 
normal ticket. 

In accordance with automatic telephone 
practice, a routine test circuit is associated with 
a set of printing registers. Test tickets are 
made to check the operation of the apparatus ; 
but, in order to facilitate maintenance, it has 
been found advisable to prevent the test tickets 
from being associated with the regular tickets. 
The oscillating guide OG, in its normal 
position, directs the tickets into the chute of 
the regular tickets; when a test ticket is to be 
made, the test equipment closes a circuit to 
energise magnet DGM which deflects the 
guide, OG, so that test tickets are thrown into 
a separate chute. 


Additional Features 


The above description gives an idea of all the 
essential features of the printing register ; 
however, mention should be made of some of 
the patented refinements and safeguards which 
have been added to ensure satisfactory and 
reliable operation : 


1. Alarm contacts signal when the paper 
roll is exhausted and when, for any reason, the 
printing register fails to accomplish its full cycle 
of operations. 

2. A push button is provided to allow test 
tickets bearing only the date and the time of 
day to be produced for checking the position 
of the wheels. 

3. The date and time of day printers may 
be advanced by push buttons in case they are 
late. 

4. Interlocking devices prevent the dis- 
turbance of the relative positions of the counting 
and switching shafts. 

5. The printing register is jacked-in on the 
bay and can be easily removed; it is put in 
action and the corresponding trunk is rendered 
free only when it is fully jacked-in and clamped 
in position. 

6. If the shafts of the printing register are 
not in their normal positions when it is placed 
on the bay, it resets itself automatically as soon 
as it is clamped. 

7. When a new roll of paper is inserted, 
the printing register automatically makes a 
first blank ticket so that the next ticket will 
commence exactly at the right place. 

8. When a printing register is engaged in 
recording a connection, it cannot be disturbed : 
date and time of day checking tickets cannot 
be made until this printer is free, the push- 
button being locked. 


Field Trial 


The automatic printing register above 
described is no longer in the experimental stage. 
A number of these machines are in service in 
the toll exchange in Bruges, Belgium. Particu- 
lars of the equipment used are given in another 
article in this issue of Electrical Communication, 
including views of the printing registers and 
the equipment bay on which they are mounted. 


Application of Lorenz Communication Technique 


at the Olympic Games, Germany, 1936 


By H. DEWALD, 
C. LORENZ, A.G. Berlix-Templehof, Germany 


HE great Olympic Gamesin Germany not 
only brought the finest sportsmen in the 
world to the arena and demanded from 

them the last ounce of bodily strength and 
athletic ability, but also imposed the highest 
demands on a large number of others who were 
engaged on the organization of the Games and 
who were responsible for their running smoothly. 
Not least amongst those who contributed to the 
solution of the important problems involved, 
was the Engineer. 

The organizing committee to a special degree, 
entrusted C. Lorenz, A.G., with many and 
important technical problems. The following 
Lorenz communication equipment was in- 


stalled, i.e. : 
16 Teleprinters, model 15. 
220 Speech input amplifiers, V.35.1 
4 Short-wave broadcast transmitters (Olympic World 
transmitters), each of 40 kW output. 
5 Microphone amplifiers. 
140 watt commentator’s transmitter with modulation 
amplifier. 
1 Steel band tape machine. 
46 Steel wire machines (‘‘'Textophone”’). 


It was essential that the different and widely 
separated playing fields be interconnected for 


Lorenz Teleprinter in the National Sports Field, Berlin. 


co-ordination purposes. Accordingly, the 
Lorenz page teleprinter was utilized at the 
Olympic Winter Games held at Garmisch- 
Partenkirchen (February 1936). 


1 This equipment was installed by the Reichs-Rundfunk- 
Gesellschaft. 


Here the Press Office was connected to the Ski 
Jumping ground, the Ice-stadium and the 
Riessersee Ice-rink. The Lorenz page printers, 
which were available for local service in 


Lorenz Steel-tone Wire Machine (“Textophone”) installed 
in the Office of the Director of the Organization Committee 
in Garmisch-Partenkirchen (Control Station). 


Garmisch-Partenkirchen, were connected in 
series, so that all communications from any 
one station were simultancously received at all 
stations and could immediately be read from 
the complete manuscript for further transmis- 
sion over loud-speakers. Results which were, 
for example, announced at the Ski Jumping 
ground, immediately appeared at the Press 
Office, the Ice-stadium and on the Riessersee. 
Thus the press representative, located at the 
Ice-stadium, was furnished with information on 
events taking place elsewhere. 

Duplicating apparatus placed alongside of 
each page printer provided means for quickly 
reproducing any desired quantity from the ten 
copies delivered by the page printer. These 
copies then immediately became available to 
the press agents. 

The Press Office also had two additional 
Lorenz page printers. One machine was con- 
nected with the Government Office of German 
Correspondence, Berlin, Zimmerstrasse, whilst 
the other was connected with the office of 
the “ Münchener Neueste Nachrichten”? which 
printed the programme. 
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Lorenz “‘Textophone’’ Listening Station. 


The service was rapid and efficient. The as- 
signment of experienced and expert operators 
from the Reichspostdirektion Miinchen en- 
sured correct and reliable transmission of news. 

The teleprinters were equipped with an 
automatic call-back device which, when the 
appropriate key was depressed, printed the 
name of the place where the communication 
originated. In the case of the apparatus at the 
Ski Jumping ground, for example, when the key 
was depressed the words “Ski Jumping ground” 
appeared at the transmitting point and, simul- 
taneously, it was printed by all the intercon- 
nected printers. A great deal of time was thus 
saved since the release of the identifying word 

was accomplished by depressing a single key. 

’ At the XIth Olympiad in August, 1936, in the 
Reich sports-field, Lorenz teleprinters were in- 
stalled in the Fiithrer’s box, the Government box, 
the Judges’ box, and in the Olympic World 
Broadcast Transmitting Room. All were con- 
nected with the teleprinter-exchange, and from 
it received pertinent news items. Lorenz tele- 
printers were also installed in the show-windows 
of important business houses and newspapers, in 
order that passers-by might receive news of 
the Olympic competitions transmitted by the 
teleprinter-exchange in the sports-stadium. 

Of the 220 speech input amplifiers (V35) 
supplied to the Reichs-Rundfunk-Gesellschaft, 
50 were installed at Garmisch-Partenkirchen 
and 170 in various locations, such as the Reich 
sports field, the Deutschlandhalle, the bicycling 
track, and the regatta river banks in Griinau, 
near Berlin, and Kiel. Thirty-three foreign 
broadcasting companies in co-operation with the 


Reichs - Rundfunk - Gesellschaft, transmitted 
news of the Olympiad in thirty-two countries. 
Sixty-seven foreign radio stations distributed 
this news in twenty-five languages throughout 
the world. Such figures show very clearly the 
interest and the world participation in the Berlin 
Olympic Games. At the same time, the 
tremendous requirements imposed on German 
radio facilities will be apparent. These could 
only be met with the aid of the most modern 
technical equipment. 

A series of fixed speech input points was 
provided, equipped with type V35 amplifiers. 
Sports. fields from which a large number of 
commentaries had to be sent were provided 
with sub-stations which, in some cases, as 
regards size and scope, exceeded the amplifier- 
equipment of an ordinary broadcasting station. 
These sub-stations totalled 17, the largest 
being placed in the underground room of the 
principal competitors’ stadium. The latter 
functioned as the principal amplifier-station and, 
also, as the main switching station. Here all 
the lines from the sports fields, from the Avus, 
the Deutschlandhalle, the bicyling stadium and 
the regatta waters in Griinau and Kiel ter- 
minated. In addition to these fixed speech input 
points, a number of mobile stations were pro- 
vided on lorries containing Lorenz built-in 
apparatus. 

By means of this speech input equipment it 
was possible to meet all the requirements of 
the organization engineers involving the selec- 
tion of the microphones set up at various points, 
regulation of sound volume and the mixing of 
several microphone circuits. The equipment is 
of the transportable type and is furnished with 
the usual broadcasting valves which amplify the 
speech currents to values comparable with 
those supplied to cable circuits when normally 
sensitive condenser-microphones are employed. 
Facilities were provided for measuring the input 
voltage of the cable, and supervising the 
transmission at the entrance to the cable, 
as well as for transmitting an interval signal 
between broadcasts. The speech input equip- 
ment consists of regulator-panels (regulator 
and mixing equipment), amplifiers proper, 
monitoring amplifiers, the modulation tester 
and the interval signaller. Each equipment 
unit comprises four regulator panels which, at 
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their input, permit selective connection of any 
two condenser-microphones by means of a 
switch. 

The monitoring amplifier stage serves for 
supervising the outgoing modulation voltages 
at the speech input equipment itself. It is 
coupled through a volume regulator directly 
to the anode of the output valve. The output 
amounts to about 0.6 watts and suffices to 
modulate the permanent dynamic loudspeaker 
serving as a monitoring speaker. 

An 800 cycle note, keyed by a relay arrange- 
ment, was selected for the interval signal. 
The note itself is obtained from a valve 
generator. The complete electrical separation 
of the interval-signaller from the amplifier 
enables an interval signal to be transmitted on 
the cable whilst a transmission test is being made 
at the transmitting-end. 

As a special extension of the German Reichs- 
post’s largest short-wave broadcast system, 
Lorenz supplied 4 short-wave transmitters, 
each with a 40 kW output. The new transmit- 
ters, representing the results of lengthy develop- 
ment, had to comply fully with the following 
requirements: telephone output 40 kW?; 
maximum frequency stability ; modulation 80 
per cent.; and rapid wavelength change-over. 
The first requirement not only involves a valve 
problem, but also a question of circuit practice 
and construction from a high frequency aspect. 
In the short-wave range, the most favourable 
waves are close together. In order, therefore, to 
avoid mutual interference, it is of great im- 
portance that the theoretical frequency of the 
transmitter be maintained as accurately as 
possible. For this reason, the new transmit- 
ters, each of which has 7 stages, were equipped 
with quartz control at a frequency precision of 
10-6. Tests made thus far have shown that the 
new transmitters, in consequence of their ample 
output when class B amplifiers are used, permit 
of a modulation of nearly 100 per cent. 

A medium-wave broadcast transmitter 
operates uninterruptedly on the same wave 
length with the same antenna. In the case of 
short-wave transmitters, on the other hand, the 
antenna and wave are often changed during 


2 According to the recommendations of the C.C.LR., 
the term telephone output should be understood to mcan 
antenna-output in the case of non-modulated transmitters. 


the day. In order to facilitate tuning, the new 
transmitters are constructed with duplicate 
tuning equipment. While the transmitter is 
operating on one wave, the other tuning equip- 
ment is prepared for the next wave. The 
switching-over period, which in the case of older 
short-wave transmitters takes from 20 to 30 
minutes, is thus decreased to seconds. 

The output stages of the short-wave trans- 
mitter have water-cooled valves. An extensive 
cooling system with a large number of pumps, 
copper-pipe cooling coils and enormous water- 
conditioning tanks ensures the necessary cooling 
water supply at all times. 

The four short-wave transmitters form the 
centre of a directional antenna system. The 
antenna systems radiate electric waves to North, 
Central and South America, to Africa and to 
South and East Asia. In order to obtain 
the most favourable conditions for short-wave 
transmission, depending on the time of the year 
and the day, two or three waves must be pro- 
vided for each direction. 

The _ distributor-amplifier, developed by 
Lorenz in co-operation with the Reichs- 
Rundfunk-Gesellschaft, was also installed for 
the Olympic Games. In the case of high-power 
transmission the plurality of microphones used 
in connection with broadcasting and tone’ films 
often causes interference. As a result of the 
arrangement of the technical equipment, archi- 
tectural problems were encountered; and 
further, conflicting technical requirements were 


Olympic Transmitter at Garmisch-Partenkirchen with the 
Lorenz Speech Input Amplifier (V35). 
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difficult to avoid. As a general rule, therefore, 
only two microphones, a main pair and a reserve 
pair, were used; and distributor-amplifiers 
were installed for supplying the individual 
amplifier equipment of all the connected sound 
transmission and sound recording systems. 

To avoid interference as far as possible, 
these amplifiers were constructed with special 
care and with high grade components. 
A separate spare amplifier was also provided, 
each amplifier having duplicate batteries for 
filament and plate currents, so that uninter- 
rupted transmission and maximum possible 
reliability were secured. ` 

A convenient monitoring control at the 
individual outputs of the distributor amplifier 
was provided by an amplifier stage equipped 
with head telephones. A step-by-step switch 
was used for the necessary switching operations. 
The “O” stage was shunted over a 200 ohm 
resistance so that the listener might control the 
operation of the monitoring stage. 

The whole amplifier was installed in a chassis 
consisting of a frame and front plate. The 
chassis was inserted in a light weight metal 
case projecting beyond the front plate and thus 
protecting components mounted on the latter. 
The batteries were housed in a second similar 


Olympic Transmitter Hut at Garmisch-Partenkirchen. 


case made of iron sheeting to resist corrosion 
from the caustic potash contained in the 
Edison batteries. 

Of special interest was.the introduction of a 
Lorenz commentator’s transmitter which the 
announcer carried about with him. Com- 


mentaries were transmitted to a conveniently 
placed receiver, and then conveyed to a trans- 
mitter or recorded on gramophone records. 
Practically all communications could be con- 
veyed to the broadcasting system by means of 
such commentators’ transmitters. 

In the Olympic Games held in Berlin, the 


Lorenz Distributor Amplifier. 


“steel sound car” of the Reichs-Rundfunk- 
Gesellschaft, equipped with two Lorenz steel- 
tone tape machines for recording and sub- 
sequent transmission purposes, was utilized. 
For the Winter Olympic Games at Garmisch- 
Partenkirchen, Lorenz provided a steel-tone 
tape machine for use in connection with the 
Bob Sleigh Track. Events in this section, 
therefore, could be announced quickly and 
satisfactorily at other points, such as at the 
Ice-stadium and the Ski Jumping ground.? 

This steel-tone tape machine, developed by 
Lorenz to a high degree of perfection, was 
installed at a control tower on the Bob Sleigh 
Track, and was operated through a microphone 
by an observer in the tower. During intervals 
between events, the record on the steel tape was 
reproduced at the Ice-stadium and Ski Jumping 
ground by loudspeakers. 

Lorenz steel-tone wire machines, called 
“Textophones,” were installed in the office- 
of the Organization Committee in the Harden- 
bergstrasse, in the Schillersale, in the Deutsch- 
landhalle, in the Sports House and, particularly, 
for the National Sports Organizer, Herr von 
Tschammer und Osten, and in the National 
Sports Field. 


During the Olympic Winter Games in 


3? See Electrical Communication, “The New Steel Tone 
Tape Machine,” Vol. 15, No.1, p.62. 
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Garmisch-Partenkirchen, ‘‘Textophones” were 
used by the Olympic Committee and proved 
highly satisfactory. They enabled all the 
Sports Organisers to furnish their colleagues 
with necessary instructions regarding individual 
arrangements over ordinary telephone lines. 
The machines also were especially useful in 
recording important conversations for certain 
persons who were temporarily absent. 

A “Textophone” switchboard, which con- 
sisted of a combination of several ‘“Textophone” 
machines with a switchboard connected in paral- 
lel to the exchange lines, was installed in the 
Hardenbergstrasse in Berlin. It was thus pos- 
sible also to record urgent telephone messages 
for an absent subscriber. On his return he 
could listen to the conversation direct from the 
machine ; or, if it were known that his absence 
would be prolonged, the conversation could be 
recorded from the machine by a typist in written 
form. 

In addition to these ““Textophone” exchanges, 
whereby it was possible to record conversations 
from ten exchange lines, important members of 
the Organization Committee had ‘““Textophone”’ 
machines connected to the telephone as a sub- 
stitute for a second receiver. Telephone con- 
versations could consequently be recorded on 
the steel wire. With the aid of the “T’exto- 
phone” every important telephone conversation 
could thus be recorded and listened to again at 
any desired time. 

For quicker reference to any individual con- 
versation or dictation recorded on the ““Texto- 
phone” wire, the time of such conversation or 
dictation is marked on a ruler-type writing block 
on the right-hand side of the coil carrier. The 
edge of the block is also correspondingly sub- 
divided in twenty minute intervals. The return 
to the desired listening point occupies only a 
very short time, inasmuch as the wire reversing 
operation is twice as fast as the forward move- 
ment during recording. 

The “Textophone” control set can be in a 
separate room from the recording apparatus. 
It consists of a small desk type cabinet with 5 
push buttons, a table microphone and a special 
control headphone. 

The listening set itself is preferably set up 
close to the ‘“Textophone.” Associated there- 
with is a switch box with 3 keys, a volume 


regulator and a pair of headphones. For 
listening to the recorded text, the switch which 
is marked accordingly is thrown to “Listening 
Position.” The indicator signal at the control 
station then drops out of sight, indicating that 
the set is no longer connected with the ‘““T'exto- 
phone.” The key marked “W” (Reproduc- 
tion) is then pressed and the volume adjusted 
to the required degree by a knob. During the 
recording process, the sound carrier movement 
of the ‘“Textophone”’ is disconnected. This is 
accomplished at the listening point by pressing 
the key marked “H” (Stop). The special wire 
used as a sound carrier then runs back a little 
way so that, during further listening, by press- 
ing down the key “W,” the last part of the 
recorded text is repeated, thus aiding in securing 
continuity of the text. 

The foregoing indicates the extent to which 
C. Lorenz, A.G., participated in providing 
communication facilities on the occasion of the 
Olympic Games in Berlin and in Garmisch- 
Partenkirchen. As a result of high standards of 
development in the communication field, Lorenz 
were able to provide high grade apparatus and 
equipment in the great numbers required within 
a comparatively short time, thus contributing to 
the success of an outstanding achievement. 

Acknowledgment is due to the Press Agent 
of the IVth Olympic Winter Games in 


t 


Lorenz Speech Input Amplifier (V35) for Gramophone 
Recording Reception in the National Sports Field, Berlin. 
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The Carrier Telephone and Telegraph Equipment 
of the New Bass Strait Submarine Cable System 


By F. RALPH, B.Sc., A.M.IE.E., and R. L. HUGHES, B.Sc., A.M.L.E.E., 
Standard Telephones and Cables, Limited, London, England 


The submarine telephone cable system between the Australian Mainland and the island State 
of Tasmania is described. The cables are of the type employing a single non-loaded central conductor 
with coaxial return. Six telephone circuits and a programme circuit are provided together with tele- 


graph facilities. 


The terminal and intermediate circuits and equipment are described, and the land 


line extensions on the mainland and in Tasmania are dealt with. The system represents the first case 


in which reversed feedback type amplifiers have been used in commercial practice. 


results are given. 
Introduction 
HE first public telephone service between 
the mainland of Australia and Tasmania 
was inaugurated on March 25, 1936, by 
the Prime Minister of the Commonwealth, the 


Fig. 1—Map of Route. 


Rt. Hon. J. A. Lyons, M.P., who declared the 
service open in an address from Canberra, 
which was transmitted to Tasmania over the 
new cable and broadcast throughout the 
Commonwealth. 

The need for telephone communication 
between Tasmania and the mainland had been 
keenly felt for many years, but in spite of its 


Overall transmission 


desirability, having regard to the telephone 
facilities existing between the other States of 
the Commonwealth, technical difficulties had 
hitherto made its realisation at a reasonable 
cost impracticable. 

The number of channels of communication 
which it was estimated would be required 
would have made the use of radio channels 
expensive, both in initial and maintenance costs, 
while considerations of fading and the need 
for secrecy were important factors. 

As the shortest practicable routes for a 
direct cable were of the order of 145 nautical 
miles, and the depths rendered the use of a 
multiconductor lead-covered cable inadvisable, 
the problem of providing a number of channels 
by means of a cable was a considerable one. 
In recent years, however, improvements in the 
dielectric materials used in submarine cables 
have made it possible so to improve the trans- 
mission properties of such cables at high fre- 
quencies that the Bass Strait problem was 
brought within the practicable economic range. 
It was finally decided to employ a submarine 
cable to provide the desired facilities; also, to 
lay the cable on a route calling at King Island, 
about half-way between the mainland and 
‘Tasmania, and by establishing a repeater station 
on the island, to increase the total number of 
communication channels obtainable and, at the 
same time, to provide a telephone service for 
the population of King Island. 

Tenders were called for and the system 
designed by Standard Telephones and Cables, 
Ltd., was accepted, arrangements being made 
for the cable to be provided by Siemens Bros. 
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to the design necessary for this system. The 
present article describes the system and the 
equipment supplied by Standard Telephones 
and Cables, Ltd., to provide the extensive com- 
munication facilities required on the cables and 
associated land line extensions. 

Fig. 1 shows the route followed by the com- 
plete system. It is of interest to note that the 
submarine cable system is longer, and is 
operated with higher frequencies than any 
other submarine telephone cable system in the 
world. 


Cable Route 


The two cable sections are laid as follows. 
The first or northern section runs from Apollo 
Bay, on the coast of Victoria, to Naracoopa 
(Sea Elephant Bay) on the East coast of King 
Island. The southern section runs from Sea 
Elephant Bay to Perkins Bay, near Stanley, on 
the North-West coast of Tasmania. 

The laid lengths of the two cable sections are : 

Northern Section =78.92 nautical miles. 
Southern Section =82.05 nautical miles. 


Type of Cable 


The type of cable employed is similar in 
general design to the Key West-Havana No. 4 
cable! consisting of a single central insulated 
conductor with a coaxial uninsulated return 
conductor. No loading is used. 

This type of cable is intended for the trans- 
mission, without excessive attenuation, of a 
wide range of frequencies such as are employed 
on carrier telephone and telegraph systems. 
The attenuation-frequency characteristics of 
the two cable sections are shown in Fig. 2. 

1“A New Key West-Havana Carrier Telephone Cable,” 


by H. A. Affel, W. S. Gorton and R. W. Chestnut, Beil 
System Technical Journal, April, 1932. 


Circuit Requirements 
The total circuit requirements on the sub- 
marine cable were as shown in Table I. 


TABLE I 
Type of Communication No, of Circuits 
Channel. Required. 

Duplex Telephone .. 5 
Duplex Telegraph (capsble o ofa a speed 

of 50 bauds) 7 
Broadcast Programme (one way but 

reversible in direction of trans- 

mission) (Range 35 to 7000 p:s).. 1 


All of the communication channels were to be 
extended to Melbourne on the mainland and 
to Launceston in Tasmania; at the Tasmanian 
end some channels were to be extended still 
further to Hobart. 

Some only of the ultimate number of cir- 
cuits were required initially, traffic estimates 
having suggested that the full number would 
not be needed until about 1940. 

‘Table II shows the terminating points for 
the various circuits required for the initial 
installation and also for those to be provided 
later. 

Further requirements, which cannot be readily 
indicated in a table, were as follows: 

(1) With regard to the broadcast programme 
channel between Melbourne and Hobart, it 
was specified that Launceston should have 
access, for local use, to programmes passing in 
either direction, and alternatively should be 
able to transmit Launceston programmes to 
Melbourne and Hobart simultaneously, . thus 
forming, as it were, a triangular system in 
which any one of the three stations could 
transmit simultaneously to the other two. 

(2) One of the telephone channels between 
Melbourne and Launceston was to be arranged 
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so that Currie, on the West coast of King Island, 
should be an intermediate station—Currie to 
be provided with facilities for using the 
Melbourne-Currie and Currie-Launceston sec- 
tions simultaneously. 


CHOICE OF METHOD OF MEETING 
CIRCUIT REQUIREMENTS IN THE CABLE 


In examining alternative methods by which 
the above circuit requirements could be met 
over the route as a whole, the following were 


choice of a method of operation over the sub- 
marine cable, was the degree of uniformity 
which could be economically obtained in the 
characteristic impedance of the cable. When 
carrier channels are operated on open wire 
lines, it is not, in general, possible to employ 
the same frequency band in both directions 
owing to unavoidable irregularities in line con- 
struction, and variability due to weather changes 
rendering balance conditions and freedom from 
crosstalk impracticable. 


TABLE II 
Type of Communication Melbourne- Melbourne- 
Channel. Launceston. Hobart. Total. 
Initial Duplex Telephone bes 3 - 3 
Installation Duplex Telegraph .. sad 3 2 5 
Broadcast Programme (revers- 
ible channel) P < = 1 1 
Later Ad- | Duplex Telephone - 2 2 
ditional 
Installation | Duplex Telegraph 1 1 2 


important factors of which it was necessary to 
take account : 

(a) In view of the high cost of submarine 
cables, it was important that the frequency 
spectrum available for transmission should be 
exploited as fully as possible. As the number of 
communication channels to be provided was 
fixed, this problem, therefore, resolved itself 
into the provision of these channels in the 
smallest possible frequency range, thus leaving 
as much as possible of the total usable range 
free for later exploitation as traffic requirements 
might demand. 

(b) The frequency bands employed by any 
carrier telephone or telegraph systems operated 
on the land line sections of the routes must be 
such as to co-ordinate suitably with systems 
already in use or likely to be used over part or 
all of the same pole routes, so as to avoid 
excessive inter-system crosstalk. 

(c) For economic reasons it was important 
that the equipment should be so far as possible 
of standard design, although this aspect could 
not be subordinated unduly to the broader 
issues covered by (a) above. 

An important technical factor affecting the 


In the case of a submarine cable of the type 
employed in the present system, however, it is 
possible, by suitable methods of manufacture, 
to produce a cable whose impedance-frequency 
characteristic is very smooth, so that a network 
may be devised to give a high degree of balance 
over a wide frequency range. Furthermore, as 
the temperature at sea bottom does not vary 
greatly from time to time, a cable well con- 
structed from stable materials may be expected 
to exhibit very stable electrical properties ; 
and a high degree of impedance balance, once 
achieved, should endure within close limits, 
for a long period. 

The degree of balance required to permit 
of balanced operation is, of course, a function 
of the attenuation of the cable and hence, in a 
given cable, of the operating frequency. In a 
given case, therefore, the degree and stability 
of balance obtainable will determine the 
frequency range over which balanced operation 
is possible. 

In the present case it appeared that, for design 
purposes, balanced operation might be assumed 
to be possible at all frequencies up to approxi- 
mately 10 kilocycles per second. Above 10 kc. 
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all duplex channels would require different 
frequency bands for the two directions of 
transmission. 

From the above considerations, it was clearly 
uneconomic to employ any part of the frequency 
range below 10 kc. for the broadcast programme 
channel, since only a unidirectional channel 
was required and the advantages of balancing 
the cable impedance would be wasted. 

The following further points arise from a 
consideration of the circuit requirements : 

(1) The number of telegraph channels 
required is such that they clearly cannot be 
provided by direct current circuits, so that either 
high frequency carrier telegraph channels must 
be employed or a voice frequency carrier 
telegraph system must be operated over acarrier 
telephone channel. The latter alternative is 
much the more economical in the frequency 
band required, owing to the simplification of 
the filtering problem. This scheme was, 
therefore, chosen, and the number of telephone 
channels to be provided was increased from 
five to six. 


(2) As only one telephone channel was to be 
available at King Island, the natural one to 
select was the voice frequency channel, using the 
normal commercial range from say, 200 p : s to 
2800 p : s, thus avoiding the use of modulators 
and demodulators at this station. 


Allocation of Frequency Bands 


In the frequency range below 10 kc. it is 
possible to obtain three telephone channel 
bands of commercial width; and, operating 
on a balanced or ‘‘two-wire” basis, these 
bands will provide three duplex channels. 
(one of which is, of course, the voice frequency 
or physical channel). 

Six other channel bands, giving three duplex 
channels with different frequency bands for the 
two directions of transmission, may be located 
between 10 and 31 kc., giving the required total 
of six telephone channels below 31 kc. 

At the time at which the Tasmanian Cable 
scheme was designed, a carrier system for the 
unidirectional transmission of broadcast pro- 
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Fig. 3—Frequency Allocation Diagram of Cable Equipment and Relationship to Standardised Land 
Line Systems Already in Use in Australia. 
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grammes had already been standardised. This 
system employs a frequency band extending 
from 34 to 42.5 kc., and therefore fits in naturally 
and economically with the above allocation of 
telephone channel bands. 

It was, therefore, apparent that such an 
allocation of frequency bands would represent 
the maximum economy in the utilisation of the 
available transmission range of the cable. This 


frequency bands employed by systems operating 
on that route are so arranged that excessive 
inter-system crosstalk does not occur. The 
systems most commonly used in Australia em- 
ploy the frequency bands used in the “Standard” 
systems types “D” and “D.A.” (single channel) 
and “C-N,” “C-S,” “C-T” (three channel). 
The frequency bands employed by these systems 
are shown in Fig. 3 in relation to those already 
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allocation of bands is shown diagrammatically 
in the top line of Fig. 3. 


Co-ordination with Standardised Land Line 
Systems 


It would seem, at first sight, that the chan- 
nels in the cable could be extended to Melbourne 
and Launceston by land line without any change 
of the carrier frequencies. The “go”? and 
“return” sides of the balanced cable channels 
would, of course, have to be carried in separate 
open wire pairs as it is not practicable to work 
balanced channels on open wire lines. The 
use of the same carrier frequencies throughout 
was, however, ruled out for the following 
reasons. Carrier telephone systems of various 
types are already in extensive use throughout 
the Commonwealth, and in order that such 
systems may be utilised to the fullest possible 
extent on a given pole route, care is necessary 
in planning installations to ensure that the 


referred to for the cable equipment. From this 
diagram there are clearly two features of the 
proposed frequency allocation for the cable 
equipment which render it an unsuitable one 
for co-ordination with systems of existing design. 

Firstly, the bands of the two balanced carrier 
channels coincide fairly closely with those of 
the single channel systems, and as the cable 
equipment would employ both these frequency 
bands in both directions, serious mutual cross- 
talk would occur. As there were such systems 
already operating between Melbourne and 
Geelong on the Melbourne-Apollo Bay route, 
this was an important factor. 

Secondly, the upper channel of the “A to 
B” group of the cable frequencies coincides 
approximately with, and is transmitted in the 
opposite direction to, that of the lowest channel 
of the “B-A” group of the C-S and C-N system. 
This also would lead to serious crosstalk. 

It is clear that no rearrangement of the 
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frequency bands of the cable equipment could 
possibly avoid these crosstalk difficulties with- 
out reducing the number of channels obtainable. 


General Scheme Finally Adopted 


It was therefore decided to employ for the 
cable section of the route the general arrange- 
ment of channels already shown in Fig. 3 and 
to install terminal equipment (modulators, 
demodulators, channel band filters, etc.) at 
Apollo Bay and Stanley so as to make this 
section of the whole system complete in itself. 
Extension of the channels from Apollo Bay to 
Melbourne and from Stanley to Launceston 
and Hobart could then be achieved by using 
standard land-line carrier systems such as were 
already in extensive use in the Commonwealth. 
The choice of the particular systems to be used 
could then be made entirely on the basis of the 
requirements of the particular land line routes. 

This scheme offered the further advantage of 
great flexibility, since at a later date the equip- 
ment on the land line sections of the route 
could be modified as general developments 
might demand, without in any way affecting 
the equipment on the submarine cable. 

Fig. 3 indicates the actual band used for 
each direction of transmission on each of the 
six channels in the cable system. It will be 
observed that the balanced channels and the 
lower group employ the lower sideband. The 
use of the lower sideband rather than the upper 
is desirable for channel No. 2 as it prevents 
certain third- and fourth-order products of 
modulation from occurring within the range of 
the transmitted sideband. 

A general examination of the frequency dis- 
tribution of inter-channel modulation products, 
such as would be produced by an overload 
condition in a common amplifier, showed that 
little, if anything, was to be gained by a special 
allocation of the bands to individual channels. 
The upper sideband was chosen for the upper 
group as the maximum carrier frequency to 
be used was thereby slightly reduced. 

The land-line system chosen in each case to 
provide the initial three through circuits was 
the type C-S three-channel system inasmuch as 
it may be operated on the same route as a type D 
system. For the later extension to six channels, 
type C-T systems will be used. The carrier 


programme system operates on the same pair 
of wires as the three channel system and is 
provided with straightforward reversible re- 
peaters at the three cable stations. 


. a 


Fig. 5—Programme Carrier Terminal, Melbourne. 


Fig. 4 shows the general scheme as finally 
planned for the initial installation. To simplify 
the ultimate extension of facilities the full 
number of six channels was provided initially 
on the submarine cable section of the route. 

It will be observed that no use is made of the 
physical circuits on the land line sections of the 
route. These circuits were in fact already in 
use for purposes outside the present scheme. 


Signalling Facilities 


The carrier terminals at Melbourne and 
Launceston are equipped with the usual type 
of 17-1000 p:s interrupted voice-frequency 
ringers. In the case of the channel looped to 
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Currie, however, some selective ringing scheme 
was necessary. ‘That adopted was as follows : 


At Melbourne, this channel was equipped 
with two voice frequency ringers, employing 
frequencies of 1000 p : s and 500 p:s. On the 
side facing the carrier terminal (i.e., the voice 
frequency side) the two ringers were connected 
in parallel, but on the local or 17 p:s side the 
two ringers were led through separate pairs 
to jacks on the trunk switchboard, labelled 
“ Launceston ” and “ Currie” respectively. 


At Launceston, two ringers operating on 
frequencies of 1000 p:s and 750 p:s were 


similarly arranged. 


At King Island repeater station, a 500 p:s 
ringer was included in the Melbourne side of 
the voice frequency loop to Currie, and a 
750 p:s ringer in the Launceston side. On 


the Currie switchboard the two pairs of the 
loop terminate on separate jacks, labelled 
“ Melbourne ” and “ Launceston,” respectively, 


Fig. 6—V.F. Telegraph Terminal, Melbourne. 


the jacks being normally connected through to 
each other to complete the through circuit. 
Thus Melbourne, for example, can ring Currie 
or Launceston as required by applying 17 p:s 
ringing current to the appropriate switchboard 
jack, operating either the 500 or 1000 p:s 
ringer. The two ringers at King Island are 
prevented from operating one another with 
17 p:s current by the inclusion of a 100 p:s 
high pass filter between the switchboard jacks 
at Currie. 

In order to provide suitable communication 
facilities between all stations along the route, 
similar ringers to those at Melbourne and 
Launceston were equipped at Apollo Bay and 
Stanley, respectively. These ringers were 
arranged with their voice frequency sides 
bridged across the physical circuit of the cable, 
suitable keys being arranged for ringing in 
either direction with the appropriate frequency. 
A delay circuit was used to prevent a normal 
short ring, such as occurs during traffic, from 
calling in the maintenance staff. A simple 
coded ring must be applied when it is desired 
to operate the calling devices at the repeater 
stations. 

The ringers at Apollo Bay and Stanley were 
arranged so that they could be readily converted 
to operate as terminal ringers if it were desired 
to terminate the physical cable circuit at either 
or both of the cable terminal stations. 

As the traffic on the circuits has proved to be 
heavier than anticipated, it has, in fact, been 
found desirable to employ three of the carrier 
channels in the cable for the through circuits, 
and to terminate the physical cable circuit at 
Stanley, the other end being temporarily 
extended from Apollo Bay to Melbourne via 
a separate single channel carrier system. For 
this purpose, the selective ringing equipment at 
Melbourne has been transferred to the single 
channel system. 

There are at present, therefore, three through 
circuits from Melbourne to Launceston (one 
of which is in fact normally extended to Hobart 
by means of a single channel carrier system), 
and one circuit from Melbourne to Stanley, 
serving North-West ‘Tasmania—this circuit 
being also available at Currie. As these 
modifications are to some extent temporary 
ones made as a result of traffic requirements, 
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and may be subject to further change as cir- 
cumstances demand, no further reference is 
made to them and the description is restricted 
to the system as originally planned. 


Extension of Telegraph Channels from Laun- 
ceston to Hobart 

The number of telegraph channels to be 
extended to Hobart was not considered 
sufficiently large to warrant the use of voice 
frequency operation, and it was decided to 
obtain these channels by means of composite 
circuits derived from an existing physical 
telephone circuit. The actual line used, as 
indicated in Fig. 4, is the same as that em- 
ployed for the programme carrier channel. 


LAND LINE EQUIPMENT 
3-Channel Systems 


Except for minor modifications, the two type 
C-S three-channel carrier telephone systems are 
of standard design. Each system is supplied 
with pilot channel equipment for its own par- 
ticular section of the route in order to facilitate 


the maintenance of a suitable transmission 
equivalent under varying weather conditions. 

As the attenuation of the submarine cable is 
not liable to short period changes, no pilot 
equipment was considered necessary over this 
section. 
Programme Carrier System 

This system is similar to that described in an 
earlier issue of Electrical Communication.? 
Briefly, it is a single-sideband suppressed- 
carrier system, employing the lower sideband 
of a carrier frequency of 42.5 kc. A feature 
of the system is that a pilot frequency of four- 
fifths of the carrier frequency, i.e., 34 kc., is 
employed not only to indicate changes in trans- 
mission equivalent but also to maintain syn- 
chronism between the carrier frequency oscil- 
lators at the transmitting and receiving stations. 

The equipment at Launceston is capable of 
operating either as a receiving repeater or as a 
terminal transmitting simultaneously in both 


2 “The Standard Carrier Broadcast System,” by K. G. 
Hodgson, F. Ralph and B. B. Jacobsen, Electrical Com- 
munication, January, 1935. 
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directions, and thus provides the facilities out- 
lined previously. 

Fig. 5 is a view of the Melbourne Programme 
Carrier terminal, together with the heterodyne 
oscillator and volume indicator used for main- 
tenance purposes. 


Voice Frequency Telegraph Equipment 


This equipment operates on any one of the 
channels between Melbourne and Launceston. 
Its design follows the general lines of the 
18-channel system widely used by the British 
Post Office,’ the carrier frequencies employed 
being odd harmonics of 60 p:s. The system 
used in the present scheme differs from the 
standard system in the following respects : 

(1) In order that it shall be capable of operat- 
ing on either a “grouped” or a “balanced” chan- 
nel in the submarine cable, the system is 
arranged for operation on a two-wire basis, 
and employs different voice frequencies in the 
two directions of transmission. 

The system is initially equipped for five 
duplex channels, but is wired for eight channels. 


3“ New Voice Frequency Telegraph System,” by 
J. A. H. Lloyd, W. N. Roseway, V. J. Terry and A. W. 
Montgomery, Electrical Communication, April, 1932. 


(2) Different methods of carrier current 
supply are used at Melbourne and Launceston. 
At Melbourne, carrier current supply is obtained 
in the standard manner from a multi-frequency 
motor-generator set operating from a 24-volt 
battery. The carrier frequency generator is 
designed to supply up to ten 18-channel 
systems ; and, as it is not likely that there will 
be a large extension of voice frequency telegraph 
systems at Launceston, this terminal is equipped 
with valve oscillators for its carrier frequency 
supplies. 

Telegraph distortion measuring equipment 
is supplied at both stations. 

Fig. 6 is a view of the equipment at 
Melbourne. The distortion measuring set is 
seen at the bottom of the right-hand bay. The 
Launceston equipment consists of two bays 
only. 


Composite Telegraph Equipment 


This equipment, accommodated on a single 
10 ft. 6in. rack at Launceston and Hobart, 
provides initially two duplex direct-current 
channels over one pair of wires with earth 
return. Provision is made for later extension 
to four duplex channels. 
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The local circuits of the two initial channels 
are directly connected at Launceston to those 
of two of the channels of the voice frequency 
system, giving direct working between 
Melbourne and Hobart. 


SUBMARINE CABLE EQUIPMENT 


General Considerations 


In addition to the general considerations 
common to all types of multi-channel carrier 
telephone systems, factors affecting the design 
of the submarine cable terminal equipment at 
Apollo Bay and Stanley, and the repeater 
equipment at King Island, included the 
following : 

(1) The attenuation of each cable section at 
42.5 kc. is of the order of 70 decibels and there 
are two such sections. At 31 kc. the attenuation 
per section is 60 db and, at 20 kc., it is approxi- 
mately 50 db. The terminal and repeater gains 
required were therefore much higher than those 
necessary on land line carrier systems. It was 
desirable that the amplifiers used to provide 
these high gains should be such that their gain 
was not unduly susceptible to changes in battery 
supply voltages. 

(2) The number of telephone channels con- 
templated, if handled by amplifiers common to 
all channels, called for amplifiers having con- 
siderable power handling capacity with low 
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Fig. 9—Gain Frequency Curves of Reversed Feedback 
Amplifier. 


harmonic distortion, in order to avoid inter- 
channel crosstalk due to intermodulation. 

(3) The use of a combination of balanced 
and grouped channels necessitated a hybrid coil 
unit which would carry all channels at the 
required power level without producing objec- 
tionable intermodulation products. The com- 
bination of the two types of channel also 
resulted in some complication of the directional 
filtering problem. 

(4) The large differences between transmitted 


and received levels called for some care in. the 
disposition and screening of apparatus on the 
bays, and in the layout of wiring between bays. 
Care was also necessary to prevent coupling 
between units via their respective battery 
supply circuits. The desirability of bringing 
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Fig. 10—Harmonic Levels in Reversed Feedback Amplifier. 


these circuits in close proximity to one another 
for convenience in checking plate and filament 
currents contributed to this problem. 

(5) It was necessary to devise a suitable 
electrical configuration for the network used to 
balance the impedance of the cable and to 
arrange this unit in a form which was mechanic- 
ally convenient for the final accurate adjust- 
ments to be made. As in all cases the cable 
was brought directly into the repeater station, 
a suitable unit on which to terminate it was 
required. 

(6) Some form of level limiting device was 
necessary to prevent abnormal speech input 
levels on one or more channels from producing 
overloads and consequent crosstalk in common 
amplifiers. This was of particular importance 
in view of the use of voice frequency telegraphs 
on one of the channels, as interference on such 
channels would produce incorrect signals. 

(7) The problem of designing equalisers to 
correct for the attenuation-frequency charac- 
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teristics of the cables and having a suitable 
latitude of adjustment for final setting in the 
field was one of some importance. The 
difficulty of forecasting exactly the attenuation 
of the laid cable at the lower frequencies was a 
factor here. 

The circuits and equipment at the cable 
stations will now be described and discussed in 
relation to the above design factors. 


Transmission Circuit at Stanley and Apollo 
Bay 

The complete transmission circuit of the 
equipment at Stanley is shown diagrammatically 
in Fig. 7. That at Apollo Bay is identical except 
for the disposition of certain filters affected by 
the different frequencies employed in the two 
directions of transmission. 

Considering this diagram first in relation to 
transmission on the telephone channels in the 
direction from land line to cable, the voice 
frequency band, the programme carrier channel 
band and the carrier telephone sidebands are 
first separated by two sets of high- and low-pass 
filters. The telephone channel sidebands then 
pass through the receiving side of the 3-channel 
C-S carrier terminal. An equaliser, common 
to all channels, is included to compensate for 
the attenuation-frequency characteristic of the 
line. The hybrid coils of two of the three 
channels are connected to similar hybrid coils 
of two of the channels on the cable carrier 
terminal. The third is connected to a four-wire 
terminating set associated with the physical or 
voice frequency channel in the cable. The 
connections are arranged to give what has been 
referred to as a “tail-eating’’ connection in each 
case. That is, the “line” and “net” sides of the 
hybrid coil of the C-S system are joined 
respectively to the “line” and “net” sides of 
the corresponding hybrid coil (or four-wire 
terminating set) of the cable system. In this 
manner if the “line” and “net” connections 


are arranged in suitable phase relationship, all 


the energy output of a demodulator of one 
system is, in the ideal case, transferred to the 
input circuit of the corresponding modulator 
of the other. This gives effectively a four- 
wire connection between the two channels and 
avoids the three decibel loss normally associated 


with each hybrid coil. 


In the cable equipment, speech from the 
hybrid coils passes via modulators to band 
filters which select the required side-band. The 
cable system, like the C-S system, employs 
the single sideband and suppressed carrier 
principles, the modulators and band filters 
being of a similar type in both systems. 

For the physical circuit, an amplifier, which 
is in fact half of a standard four-wire repeater 
panel, takes the place of a modulator, and a 
low-pass filter that of a band pass filter. 

All channels, including the physical chan- 
nel, then pass via a common transmitting am- 
plifier to the output filter group. The trans- 
mitting amplifier is of the reversed feedback 
type and is described later. 

Stanley is arranged to transmit the lower 
group of frequencies for the grouped channels, 
and so all the channel bands lie below approxi- 
mately 20 kc. The transmitting group output 
filter is, therefore, a low-pass filter with a cut- 
off frequency of approximately 20 kc. From 
this filter the sidebands pass via a hybrid coil 
unit to the submarine cable. 

In parallel with the low-pass filter is a high- 
pass filter, with a cut-off frequency of approxi- 
mately 32 kc., through which the programme 
system sideband is applied to the hybrid coil 
when this system is operating in the direction 
from land-line to cable. 

On the receiving side, Stanley receives the 
upper group of sidebands, together with the 
sidebands of the two balanced carrier channels 
and the voice frequency band. 

These bands are first separated from the 
programme sideband by a high- and low-pass 
filter group having a cut-off frequency of 32 kc. 
The telephone channel sidebands then pass 
through a band-eliminating filter arranged to 
pass only frequencies below 10 kc. and above 
20 ke. This filter, together with the 20 kc. 
low-pass filter on the transmitting side of the 
circuit, serves to provide an adequate singing 
margin for the station equipment. In determin- 
ing the attenuation requirements for these 
filters, both from considerations of singing 
margin and possible near-end crosstalk due to 
modulation in the transmitting amplifier, a con- 
siderable loss across the cable hybrid coil could 
be assumed over the frequency range of the 
grouped channels, since although the hybrid coil 
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balance does not of itself provide a sufficient 
margin of loss for these channels, its minimum 
value is nevertheless of the order of 40 decibels. 

Compensating networks shown in parallel 
with the band eliminating network, and with 
the low-pass (20 kc.) filter, serve to improve 
the impedance-frequency characteristics of the 
filters over the transmission range, particularly 
in the neighbourhood of the cut-off frequencies. 
For convenience, they take the form of simple 
band pass filters, terminated in suitable re- 
sistances, and having pass bands which coincide 
with the attenuating range of the filters with 
which they are associated. This arrangement 
incidentally results in the impedance-frequency 


characteristic of the station, as seen from the . 


cable, being much more uniform than would 
otherwise be the case, as both the transmitting 
and receiving sides of the equipment present a 
more or less uniform impedance to the hybrid 
coil unit at all frequencies lying in the range of 
the various channels. 

It will be observed that the hybrid coil unit 
is directly adjacent to the cable and its balancing 
network. As a result, the hybrid coil carries 
all channels including the programme channel. 
This necessitates care in the design of the 
hybrid coil to avoid modulation crosstalk, but 
offers the great advantage that the problem of 
balancing a network against the cable is not 
complicated by the presence of filters between 
it and the hybrid coil. Effort in network design 
can, therefore, be concentrated on the reproduc- 
tion of the impedance characteristic of the cable 
itself, without the addition of subsidiary net- 
works to balance filters on the cable side. 

From the receiving filter group, the side- 
bands pass through an equaliser compensating 
for the attenuation-frequency characteristic of 
the cable and then to the first of two receiving 
amplifiers operated in tandem. Both these 
amplifiers are of the reversed feedback type. 
As on the transmitting side, the receiving 
amplifiers are common to all channels, including 
the voice frequency channel. The sidebands 
are then separated and demodulated in the 
usual manner and the speech from three of the 
channels passes to the transmitting side of the 
land-line system. Immediately preceding each 
modulator of the land-line system is an equaliser. 
The need for this equaliser arose as follows. 


The complete circuit between Melbourne and 
Launceston consists of three carrier telephone 
channels in tandem. The gain-frequency 


characteristic of each of these channels alone is 
well within generally accepted limits for such 


Fig. 11—Front View of Reversed Feedback Amplifier. 


channels, and is determined largely by the loss 
characteristic of the modulator and demodulator 
band filters at the terminals. When two or 
more such channels are connected in tandem, 
the overall transmission characteristic becomes 
progressively worse and in the present case 
would not have been satisfactory. The cable 
system by itself provided a satisfactory margin 
on the transmission quality limits aimed at for 
the system as a whole, and it was decided to 
equalise each channel of the land-line systems 
so as to make the transmission-frequency 
characteristics substantially flat over the re- 
quired frequency range. Such equalisation 
could most readily be achieved at voice fre- 
quencies, and each of the equalisers shown is 
arranged to compensate both for the loss 
characteristic of the modulator band filter 
following it and for that of the demodulator 
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Fig. 12—Front View of Cable Terminating Unit. 


band filter at the distant end. The equaliser is 
described in a later section. Each of the land- 
line terminals was fitted with equalisers, and 
similar units could, of course, be used on the 
cable equipment to obtain still greater improve- 
ment in the overall transmission characteristic, 
but in practice this was unnecessary. 

The reversible repeater for the programme 
carrier channel is shown in Fig. 7, with the 
directional switching keys set to operate in the 
direction from cable to land line. From the. 
receiving side of the hybrid coil, the sideband 
passes via an equaliser to the first of two 
amplifiers operating in tandem. ‘These am- 
plifiers are again of the reversed feedback type. 
From the second amplifier the circuit continues 
via high-pass filters to the land line. The 
method of operation in the reverse direction is 


clear from Fig. 7. As the attenuation of the 
cable is much greater than that of the land 
line, and the general shape of its attenuation- 
frequency characteristic is different, separate 
equalisers are used for the two directions of 
transmission ; the attenuating network “A” is 
adjusted so that the gain required is approxi- 
mately the same in both directions. The pilot 
filter has a very narrow pass band including 
34 kc., the pilot frequency. The pilot equip- 
ment shown is similar to that at a normal 
programme-channel repeater station, and is 
described in an earlier issue of Electrical Com- 
munication to which reference has already 
been made. 


Transmission Circuit at King Island 


The transmission circuit at King Island is 
shown in block schematic form in Fig. 8. 

By comparison with that for Stanley, this 
diagram is practically self explanatory. It will 
be observed that the voice frequency channel 
is amplified separately at King Island, and that 
the amplification is performed in two stages. 
This was necessary in order to loop this channel 
to Currie and to control the levels in the Currie 
loop. 

For the telephone channel repeater, two 
reversed-feedback amplifiers are operated in 
tandem, as on the receiving side at Stanley. 
For the programme channel the arrangements 
are similar to those at Stanley and Apollo Bay, 
except that as the two cable sections are of sub- 
stantially the same length and attenuation, 
alternative equalisers are not necessary. 


GENERAL EQUIPMENT FEATURES 
Amplifiers 


The amplifier requirements outlined in an 
earlier paragraph were met by employing am- 
plifiers of the reversed-feedback type described 
in an article by H. S. Black. Reference should 
be made to this article for a discussion of the 
operation of this type of amplifier. The am- 
plifiers used in the present system are generally 
similar to the example described by Black. 
This cable system represents the first case in 
which reversed-feedback type amplifiers have 
been used in commercial practice. Only two 


4 “Stabilized Feedback Amplifiers,” by H. S. Black, 
Beil System Technical Journal, January, 1934, 
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different types of reversed feedback amplifier 
were employed. These both employed three 
valves, giving three stages of amplification, and 
differed only in the type of valve employed in 
the output stage. One type, employing a simple 
triode in the output stage is used as the first or 
input amplifier when two amplifiers are operated 
in tandem. The other design embodies an 
output valve of the coplanar grid type,> a 
feature of which is the large power output 
obtainable with moderate anode battery voltages. 
This amplifier is used as the second or output ` 
amplifier when two are operated in tandem, and 
5 “A Study of the Output Power obtained from Vacuum 
Tubes of Different Types,” by H. A. Pidgeon and J. O. 


McNally, Proceedings of the Institute of Radio Engineers, 
February, 1930. 


also as the transmitting amplifier at the cable 
terminal stations. It will give single tone out- 
put of approximately one watt with a total 
harmonic level approximately 55 decibels below 
the fundamental. 


Both types of amplifier have an operating 
frequency range from 200 to 50,000 p:s and a 
maximum gain of approximately 50 db. Gain 
control is effected by means of a potentiometer 
which varies the extent of the feedback coupling, 
and the gain may be reduced to 30 db by this 
means. When lower values of gain are required 
attenuating pads are included in the input 
circuit. The gain of the amplifiers without 
feedback always exceeds 75 db over the above 
frequency range so that the reduction in gain 
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due to feedback is always at least 25 db. As 
shown by Black, a considerable reduction in 
harmonic distortion and improvement in gain 
stability with variation in power supply voltages 
is therefore achieved. 

Fig. 9 shows a typical gain frequency curve, 
for the high level amplifier, i.e., the type em- 
ploying the coplanar grid valve. The gain with 
feedback as shown is constant to within + 
0.6 db between 200 and 50,000 p:s. 

Fig. 10 shows, for the same amplifier, the 
variation of second and third harmonic levels 
with fundamental output, with and without 
feedback. 

Two amplifiers in tandem will give a 
maximum gain slightly in excess of 100 db. 
The maximum gain actually employed at any 
station is approximately 80. decibels. 

It will be realised that with such high gains 
precautions were necessary to prevent distor- 
tion or self-oscillation due to coupling effects 
between input and output circuits of the various 
amplifiers, and between amplifiers operating in 
tandem. 

Fig. 11 is a front view of one of the high 
level amplifiers with the covers removed from 
the screening boxes of the first two stages. The 
screened grid valves employed in these stages 
are just visible on the right of each screening 
box. ‘The output valve is mounted at the rear 
of the panel. 


Fig. 14—Balancing Network Sub-parel. 


Equalisers 

All equalisers are of the constant resistance 
type, and in general are contained in sealed 
screening boxes. As the equalisation required 
could not be accurately predetermined, it was 
necessary to allow some latitude for adjust- 
ment in the field. It was found possible when 
designing these equalisers to obtain an adequate 
range of characteristics by varying only resist- 
ance components in the networks. Adjustments 
in the field were therefore made by strapping 
resistances in accordance with data collected 
during factory tests. The sealed cases were 
opened for this purpose and resealed when the 
final settings were obtained. In the case of 
equalisers for the programme carrier channel, 
it was known that a “ straight-line’ equaliser 
was required, but the slope was not accurately 
known. A number of networks of various 
slopes was therefore provided and the required 
combination of these could be selected by 
making connections external to the units 
themselves. 


CABLE TERMINATING UNIT 


At all cable stations, the end of the submarine 
cable is brought into the repeater station and 
joined directly to the station equipment. After 
a certain allowance of slack outside the station, 
the cable is brought up through the floor of 
the apparatus room and connected to terminals 
mounted on insulating pillars in a dustproof 
terminating box. From these terminals the 
core, return conductor, and armouring are con- 
nected via detachable links to the station circuit 
proper. Fig. 12 shows a front view of this 
terminating unit with the front cover removed. 

The hybrid coil and balancing network, 
together with the transformer necessary to 
match the impedance of the terminating circuit 
to the impedance of 600 ohms presented by the 
station equipment, are mounted at the back of 
the unit. The complete circuit of the terminat- 
ing unit is shown in Fig. 13, It will be observed 
that with the connections shown, the relatively 
high transmitting levels produce flux in the 
core of the hybrid coil, but not in that of the 
matching transformer. The core of the hybrid 
coil is therefore made of fairly generous 
dimensions to avoid intermodulation between 
channels. 
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In planning the details of the terminating 
unit, it was desired to make the hybrid coil, 
cable and network reasonably accessible for 
testing, but it was considered inadvisable to 
include jack contacts in the cable and network 
for this purpose owing to the danger of the 
balance being disturbed by faulty contacts. 
The arrangement shown, employing “U-links,” 
which have generous contact surfaces and can 
be easily inspected, provides a convenient 
solution. The jacks shown are mounted on the 
main jack field of the bay and may be readily 
connected up as required for test purposes by 
removing the rear cover of the terminating unit 
and rearranging the U-links. 

The jacks marked “HYB. NET PAD” and 
“HYB. CABLE PAD” with their associated 
impedance transforming resistance networks, 
have been found useful when making local 
station tests, as a 600 ohm plug serves as a 
network and the “HYB. CABLE PAD” jacks 
present the same impedance (600 ohms) as all 
other portions of the station equipment. 

The balancing network is mounted on a 
separate sub-panel at the back of the terminating 
unit and is readily detachable for test, adjust- 
ment, or replacement by a spare in emergency. 

Fig. 14 shows a view of a network sub-panel 
with its circuit elements strapped ready for 
insertion on the main panel. 


Volume Limiters 


The volume limiters employed on the tele- 
phone channels to prevent overload and inter- 
channel crosstalk being caused by very loud 
speech are of a simple type. The primary 
winding of a transformer is connected in 
parallel with the transmission circuit at a suit- 
able point in the voice frequency part of the 
circuit. This transformer has a very high step- 
up ratio, and across the secondary winding is 
connected a small neon-filled discharge lamp. 
The step-up ratio is so arranged that if the 
peaks of speech exceed a predetermined value, 
the lamp glows, the shunting effect produced 
effectively limiting the level in subsequent 
portions of the circuit. Although it would be 
imagined, at first sight, that such a device would 
produce serious distortion effects, tests have 
shown that in practice this is not the case. 

Such a limiter is fitted on each channel of 


Fig. 15—Cable Equipment—Stanley,. 


the three channel systems, at a point between 
the hybrid coil and the modulator. Limiters 
are also fitted in a similar position on those 
channels of the cable equipment which will, 
for the present, remain as spares, so that these 
channels may be extended without further 
attention to this problem unless demanded by 
the nature of the extending circuits themselves. 
Limiters are also arranged to be included at 
Currie when the circuit is interrupted at this 
point. 


LAYOUT OF EQUIPMENT 


As in the case of the land-line equipment, 
the cable equipment was mounted on 10 feet 
6 inch racks. Fig. 15 shows the cable equip- 
ment at Stanley, that at Apollo Bay being 
similar. The bays from left to right are as 
follows: Fuse, Battery Supply, Ringer, Cable 
Terminating, Carrier Programme Repeater, 
Receiving Amplifier and Voice Channel, Trans- 
mitting Amplifier and Channel 6, and two 
channel bays carrying modulators, demodu- 
lators, etc. for channels 2 and 3, and 4 and 5, 
respectively. 
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Fig. 16—Land Line Equipment—Stanley. 


The cable may be seen coming up through 
the floor to the terminating unit. 

Bay and interbay wiring largely followed 
standard carrier practice, jacks being included 
in the circuit to make most panels accessible for 
test purposes. Shielded twisted pair was 
widely used, and in many cases the sleeves of 
testing jacks were carthed to the shields of the 
leads to these jacks, so that, by using shielded 
cords for test purposes, continuity of earthing 
connections was ensured and undesirable loop- 
ing of earth connections was avoided. Gain 
and loss measuring equipment employing a 
thermocouple was provided on the battery 
supply bay. With this equipment gains up to 
100 decibels at 40 kc. could be measured with 
sufficient accuracy for field purposes. 

The land line equipment at Apollo Bay and 
Stanley was mounted in a line facing the cable 
equipment, and is shown in Fig. 16. 

At King Island the bays were mounted in a 
single line, the two terminating bays being 
kept as far apart as a logical circuit layout 
would permit. The equipment at King Island 
consisted of nine bays as follows: Battery sup- 


ply and fuse; Cable terminating (Apollo Bay 
side); Amplifier A to B; Voice frequency and 
ringer; Carrier programme; Amplifier B to 
A; Cable terminating (Stanley side); Test 
oscillator; Trunk test board. 

At each cable station a spare reversed feed- 
back amplifier is provided. This is of the 
high output level type, and as it covers the 
frequency range of all channels (200 p:s to 
50 kc.) it may be substituted for any amplifier 
in the system including, at Apollo Bay and 
Stanley, the three-channel system. 


TESTING EQUIPMENT 


In addition to a testing circuit for gain and 
loss measurements, the following testing equip- 
ment is provided at each of the cable stations. 


Variable Frequency Oscillator 


This, with its associated amplifier, will give 
an output of 240 milliwatts at frequencies from 
35 p:s to 50 ke. 


Volume Indicator 


This is a 2-stage instrument and will record 
over a range from minus 25 db to plus 25 db 
referred to a zero of 6 milliwatts. 


Impedance Bridge and Detector Amplifier. 


The impedance bridge is intended primarily 
for measurements on the cable and balancing 
network, but is also applicable to some extent 
to general measurements. The bridge has in- 
ductive ratio arms, and the unknown is measured 
in terms of a capacity in parallel with a resistance. 


Fig. 17—Cable Test Set and Impedance Bridge. 
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As a detector for use with the bridge, the 
detector amplifier is used. This operates as a 
tuned amplifier from 200 p:s to 3000 p:s 
and as a heterodyne-detector from 3 kc. to 
50 kc. It has a gain of the order of 60 db. 
Either headphones or a visual indicator in the 
form of a rectifier meter may be employed as 
the final indicating device. 

The bridge and detector amplifier are 
mounted together on a portable test-waggon. 
Battery supply for the detector amplifier is 
obtained via cords and plugs from jacks located 
in a number of positions in the jack fields of 
the apparatus bays. The complete unit is 
shown on the left of Fig. 17. 


Cable Test Sets 


As the three cable stations were new, it was 
necessary to equip them with sets for making 
the usual direct current tests on submarine 
cables, and for localising any faults which 
might develop. 

The equipment supplied is shown on the 
right in Fig. 17. The conductor resistance set 
incorporates a Wheatstone bridge of normal 
design with battery reversing key, galvanometer 
shunt and key, all mounted as one unit. 
A separate resistance box is supplied for use in 
overlap tests and for other purposes, and a two 
range milliammeter is included to enable the 
testing current to be measured when required. 

Owing to the high dielectric resistance of the 
cables (between 500 and 1000 megohms for 
the whole cable) the dielectric resistance testing 
set had to include some special shielding 
features, as otherwise surface leakage would 
have rendered the cable tests very inaccurate. 
For the same reason the use of any form of 
combined set enabling the conductor and 
dielectric resistance to be obtained with the 
same equipment, was deemed inadvisable, as 
the inevitable wiring complication would have 
increased the surface leakage. The dielectric 
resistance set includes a Rymer-Jones battery 
reversing key, galvanometer shunt and key and 
a standard condenser and high resistance. 

Separate galvanometers are used for the two 
sets as the sensitive type necessary for the 
insulation tests would be unsuitable for use 
with the Wheatstone bridge. 


Testing current is obtained from large dry 


batteries with suitable tappings, and the galvano- 
meter lamp is lighted from the 24 volt supply. 
The sets are mounted on a suitable table 
with a cupboard for the batteries and test 
records, etc., underneath. 
The whole of this d.c. testing equipment 
was made by Messrs. Muirhead & Co., who 


Fig. 18—Power Room—Stanley. 


have had long experience with this type of 
apparatus. 


POWER PLANT 


At Melbourne, Launceston and Hobart, all 
equipment is operated from existing station 
battery supplies. The cable stations, however, 
are new buildings so that complete power plant 
was supplied. Filament and anode supplies 
are provided from “Exide” storage batteries of 
24 volts and 130 volts, respectively. Both 
batteries are duplicated at each station, and are 
operated on a charge-discharge basis. At 
Apollo Bay and King Island the 130 volt 
battery also serves to provide lighting for the 
repeater station and attendants’ dwelling. At 
these stations, as no local power supply is 
available, power is provided by “Parsons” 
petrol engines of 20 and 8.5 B.H.P., respectively. 
These engines run at 1000 R.P.M. and are 
direct coupled to the two charging generators, 
one at either end of the engine, on a common 
bedplate. Two sets are provided at each 
station, 

At Stanley a 415 volt slip-ring induction 
motor operating from the local supply drives 
one pair of generators, a petrol set similar to 
those at Apollo Bay being supplied for 
emergency use. 

Fig. 18 shows the power room at Stanley. 
Fig. 19 is a general external view of the Apollo 
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Bay station, with the repeater building on the 
right. The tanks form part of the cooling 
systems of the petrol sets. 


DESIGN OF CABLE BALANCING NET- 
WORK 


The cable balancing network is intended to 
present an impedance as nearly as possible equal 


Fig. 19—General View of Apollo Bay Station. 


to that presented by the cable at all frequencies 
in the working range, i.e., from 200 p:s to 
42.5 kc./sec. 

After the cable was laid a series of measure- 
ments of its characteristic impedance had been 
made, in which the cable was always terminated 
at the far end in its characteristic impedance, 
the termination being adjusted for each fre- 
quency. In actual use, however, the cable is 
not terminated in its characteristic impedance, 
but in the impedance of the equipment to 
which it is connected. As has been explained, 
special measures were taken to make the im- 
pedance of the equipment as seen from the 
hybrid coil as nearly as practicable a pure 
resistance of 600 ohms, and a transformer 
associated with the hybrid coil was used which 
made the impedance of the equipment as seen 
from the cable about 52 ohms, this being an 
approximation to the high frequency impedance 
of the cable. 

Accordingly a series of measurements was 
made with the cable terminated in the hybrid 
coil with the “HYB. IN” and “HYB. OUT” 
jacks (see Fig. 13) each terminated in 600 ohms. 
In cases where the installation had not advanced 


far enough for the cable to be connected to the 
hybrid coil, the cable was terminated in 52 ohms, 
and check tests later showed that there was 
hardly any perceptible difference between 
results obtained by the two methods. 

The cable impedance thus measured differed 
from the characteristic impedance and oscil- 
lated about the characteristic impedance curve 
with frequency, but this oscillation could only 
be detected at very low frequencies; and the 
same smooth curve could be drawn through 
the measured impedance results whether they 
were characteristic impedances or impedances 
measured with the cable terminated in 52 ohms. 
If the network could be made to simulate the 
smooth curve perfectly, the maximum singing 
point obtainable would be determined by the 
deviation of the actual impedance from the 
smooth curve and the following statement of 
an extreme case will show that the procedure 
was satisfactory. 

On the King Island-Apollo Bay cable, as 
measured at King Island, at a frequency of 
300 p:s, the characteristic impedance and the 
“smooth curve” impedance both had the value 
78.9-i1 49.9 ohms, while that obtained with 
the cable terminated in the equipment at 
Apollo Bay was 75.84-7 51.34 ohms. 
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If the network were a perfect match to the 
“smooth curve” impedance, the actual singing 
point at this frequency would be 35 decibels, 
and when it is noted that the corresponding 
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cable attenuation is only about 13 decibels, it 
can be seen that the margin is ample. As the 
frequency rose, the differences rapidly vanished 
and from 1000 p:s upwards they could hardly 
be distinguished from experimental error. At 
1000 p:s the cable attenuation is 18.6 db. 

Fig. 20 shows the impedance of the King 
Island end of the King Island-Apollo Bay 
cable up to 50 kc./sec. measured with the 
Apollo Bay end terminated in the equipment. 
The scale is unsuitable for showing the small 
impedance variations and Fig. 21 shows the 
portion up to 10 kc./sec. on an enlarged scale— 
with the smooth curve and the specified sing- 
ing point limits drawn in. Fig. 22 shows the 
very low frequencies on an exaggerated scale to 
reveal the oscillation about the smooth curve 
referred to above. 

It can be seen from Fig. 20 that at the higher 
frequencies the impedance approximates to a 
pure resistance, and owing to the fact that 
balanced channels were only being operated 
up to 9.6 kc./sec., it was evident that the net- 
works should be primarily designed to balance 
the cable up to about 10 kc./sec. as accurately 
as possible. Previous work had suggested that 
the resulting network would also be satisfactory 
for the higher frequencies. 

The type of network adopted was that 
shown in Fig. 23 as this form lent itself to direct 
computation. The previous work had shown 
that a six element network, as indicated, would 
be satisfactory. Networks with eight or more 
elements could have been designed if necessary, 
but the calculation would have taken con- 
siderably longer. 


Network Results 


Networks were designed for each of the four 
cable ends and made up on the sub-panels 
previously referred to, of which one is shown 
in Fig. 14. This sub-panel is so arranged that 
components can also be mounted on the back. 
The actual values obtained for a typical net- 
work are as follows : 


R,=52.02 R,=10.83 
C,= 2.73 Ca= 4.39 
Considerable accuracy is necessary in adjust- 
ing the resistances and capacities, particularly 
in the first two sections of the network. 
Fig. 24 shows the actual measured singing 


R,=84.73 ohms. 
3= 7.78 microfarads. 


point curve obtained in the case corresponding 
to the data in Figs. 20, 21 and 22, and it can 
be seen that a very satisfactory margin is 
obtained for the balanced channels, and that 
the loss across the hybrid coil at the higher 
frequencies is still considerable. 
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Fig. 21—Impedance of King Island-Apollo Bay Cable at 
King Island up to 10 kc.jsec. 


Fig. 24 is typical of the curves obtained in 
all four cases, and in general the singing point 
is greater than 50 decibels at all frequencies 
in the balanced channel range (except the very 
low frequencies) and greater than 40 decibels 
over the rest of the range. 


INSTALLATION 

The whole of the equipment, including power 
plant, was installed and wired by the staff of 
the Postmaster-General’s Department. Some 
idea of the magnitude of this task may be 
obtained from the fact that, in addition to power 
plant, the equipment consisted in all of no less 
than seventy-four 10 feet 6 inch bays. These 
were distributed between the various stations 


as follows : 
Melbourne 13 Apollo Bay 17 King Island 9 
Stanley 17 Launceston 12 Hobart 6 


That these were installed and wired, tested, 
and the telephone channels cut into service 
within four months of the arrival of the first 
bays in Australia, is an indication of the speed 
and efficiency with which the installation work 
was performed. i 


OVERALL RESULTS 
Operating Levels 

The telephone channels were required to 
have an overall transmission equivalent of 6 
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Fig. 22—Impedance of King Island-Apollo Bay Cable at 
King Island up to 2.5 ke./sec. 


decibels at 1000 p:s. Each of the three 
separate carrier links was, therefore, adjusted 
to give a 2-wire circuit equivalent of 6 db. The 
use of “‘tail-eating’’ connections then eliminated 
6 db loss at Apollo Bay and Stanley, giving the 
required overall equivalent. The approximate 
levels existing at each end of each cable and 
land-line section are indicated for the direction 
Melbourne-Launceston on Fig. 25. This shows 
the levels at the mid-band frequencies of the 
highest and lowest. frequency carrier channels 
of each of the three systems, and for the 
physical channel in the cable. The power 
levels into the various line or cable sections 
were the same for all channels, except in the 
case of the physical channel at King Island, 
where the lower load capacity of the four-wire 
repeater compared with the reversed feedback 
amplifiers necessitated a lower output level. 
It is to be understood, of course, that this 
diagram does not represent the manner in 
which the various channels of the three systems 
were connected together. 

Owing to the fact that the voice frequency 
equalisers before the modulators of the three 
channel systems correct for the distortion in 
the distant demodulator band filter as well as 
that in the local modulator filter, the levels 
transmitted to the land lines at the upper and 
lower voice frequencies are several decibels 
higher than those in the middle of the band. 

The level diagram for the carrier programme 
channel is also shown in Fig. 25. It will be 
observed that the input levels to the two cable 
sections are less than those to the land line 


sections. This resulted from the loss in the 
cable hybrid coils, the levels at the output of 
the main amplifiers being substantially the 
same at all stations. Assuming these levels to 
be maximum R.M.LS. levels in the programme 
transmitted, the amplifiers have a load margin 
of two or three decibels. The actual level of 
the programme into the system was controlled 
by observing a volume indicator. In practice 
it was found that over periods of several hours 
the average programme level was subject to 
considerable variations, and it was found 
desirable to keep the peak input level down to 
about 10 db below 6 milliwatts in order to 
avoid risk of short period overloads. As the 
noise level on the programme circuit was 
sufficiently low to permit this somewhat un- 
economical use of the load capacity of the 
amplifiers in the system, it was in fact a con- 
venient solution, although technically a better 
solution would have been provided by a close 
control of the level from the broadcast studio. 


Transmission Quality 


For the telephone channels a transmission 
band approximately 2500 cycles wide was 
aimed at on a basis of 10 decibels distortion 
relative to the transmission equivalent at 
1000 p:s. 


Ri R2 R3 


Cı C2 


Fig. 23—Balancing Network—Form Adopted. 


Fig. 26 shows a typical transmission quality 
curve for the complete system between 
Melbourne and Launceston. The correspond- 
ing curves for the constituent carrier links are 
also shown. The dotted curves are displaced 
for the sake of clarity, each link actually having 
been adjusted to give a transmission equivalent 
of approximately 6 db at 1000 p:s. It will be 
observed that the overall curve is substantially 
that of the cable link, as each of the land-line 
systems is equalised to give an almost flat 
response. As already stated, similar equalisation 
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Fig. 24—Measured Singing Point Curve. 


could have been applied to the cable system 
also if desired, but the circumstances of the 
present project did not warrant it. 

The equaliser employed on the land-line 
systems is perhaps of some interest. It was of 
the constant resistance type, and was arranged 
to give a resonance peak of minimum loss at 
either end of the voice frequency range. Each 
of the resonance peak frequencies could be 
adjusted to a number of values by means of 
tapped coils and condensers, while the basic 
loss of the equaliser was also made variable. 
A wide range of adjustment was, therefore, 
available to allow for differences between chan- 
nels. On the actual equaliser used a total of 
ninety different curves may be obtained, 
although the components occupied only one 
side of a mounting plate 34 inches by 19 inches. 

The overall quality characteristics of the 
carrier programme channel between Hobart 
and Melbourne are shown on Fig. 27. It is 
seen that the quality limits aimed at are 
adequately met. 


Interchannel Crosstalk 


With the system as a whole adjusted to 
operate in accordance with the level diagrams 
given in Fig. 25 no crosstalk between channels 
has been observed of sufficient magnitude to 
warrant the somewhat elaborate arrangements 
which would be necessary to measure it reliably. 
It will be remembered, however, that two of 
the channels of the cable equipment are not 
yet in service, so that crosstalk conditions are 


not severe. Laboratory measurements involv- 


ing all channels do, however, suggest that all 
channels may be operated with the level dis- 
tribution indicated in Fig. 25 without undue 
crosstalk. In this connection, it will be seen 
from the amplifier harmonic curves in Fig. 10 
that in the high level amplifier harmonics 
remain at a very low level up to a fairly sharply 
defined overload point. With the aid of volume 
limiters, the maximum level occurring in each 
channel can be readily controlled so as to 
ensure that a safe load for the common amplifiers 
is not frequently exceeded. 


Noise 

Both the telephone channels and programme 
channel were remarkably free from noise. Some 
noise measurements were made on some of the 
reversed feedback amplifiers used in the cable 
equipment. In these tests, which were made 
after installation was completed, two amplifiers 
were arranged in tandem, separated by an inter- 
amplifier filter in the manner described earlier. 
The input terminals of the first amplifier were 
terminated in a suitable resistance, and both 
amplifiers set to maximum gain, giving a total 
gain of approximately 104 db. The noise 
output from the second amplifier was then 
passed through a filter passing the frequency 
range to be examined, and was afterwards fur- 
ther amplified and recorded by means of a 
thermocouple or a suitably calibrated rectifier 
instrument. The noise measured was then 
expressed as an equivalent input level to the 
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Fig. 25—Level Diagrams. 


first amplifier. It was found that the noise 
energy was uniformly distributed over the 
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frequency scale, except that the band below 
3 ke. contained somewhat more noise than a 
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Fig. 26—Quality Curve—Telephone Channel. 


band of similar width elsewhere in the spectrum. 
Typical results were as shown below : 


Equivalent Input 
Noise Level referred 
to 1 milliwatt. 


Conditions. 


Noise in any 2500 p:s band 
between 3 and 30 kc. (measur- 
ed through filter giving 5 db 
distortion at 2500 p:s ban 


width) wa an a — 128.5 db 
Noise below 2900 p:s.. -126 db 
Total noise below 32 kc. — 116.5 db 


The above figures varied approximately 
+ 3 db for various amplifiers. 

For an input level of 6 milliwatts at the 
terminal station, the lowest level existing on 
any telephone channel at the input of an 
amplifier on the present system is approximately 
58 db below 1 milliwatt. This occurs at King 
Island and at Stanley in the Melbourne- 
Launceston direction. In the reverse direction, 
the lowest level existing is 47 db below 1 milli- 
watt at King Island. The ratio of signal strength 
to amplifier noise is therefore ample. On the 
programme channel, for an input 10 db below 
6 milliwatts, the lowest level occurring is 
approximately 66 db below 1 milliwatt, the 
levels at the three cable stations ranging from 
54 to 66 db below 1 milliwatt. As the pro- 
gramme channel should transmit efficiently a 
volume range of 40 db, the above figures, for 
the weakest programme input, become 94 and 
106 db, respectively. 


It is seen from the above that the amplifier 


noise does not enter seriously into circuit con- 
ditions in the present system. In the case of 
the programme channel, however, owing to the 
large volume range to be reproduced, it probably 
would not be practicable to operate with 
minimum levels much lower than those existing. 
As already mentioned, however, close regulation 
of maximum transmitted level would, if this 
were necessary, permit the input level at the 
terminal station to be raised considerably above 
the value of 0.6 mW assumed in the above 
discussion, with consequent further improve- 
ment in the signal to noise ratio. 


Telegraph Channels 


The telegraph channels will not, for the 
present, be used for traffic, as existing telegraph 
cables to Tasmania are able to meet present 
requirements. For purposes of test, however, 
the voice frequency telegraph system was 
applied to one of the Melbourne-Launceston 
channels, the actual channel employed being 
one involving a balanced channel in the cable 
equipment. Distortion measurements made 
with the representative word “PARIS” at a 
speed of 50 bauds in either direction gave dis- 
tortions averaging rather less than 10 per cent. 
With each channel looped at Launceston, dis- 
tortion measurements from Melbourne to 
Launceston and back gave values up to 12 
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Fig. 27—Quality Curve—Programme Channel. 


Hobart, including the composite telegraph 
extensions between Launceston and Hobart, 
gave distortions at 50 bauds up to 16 per cent. 

As the guaranteed maximum distortions on 
the Melbourne-Launceston and Melbourne- 
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Hobart channels were, respectively, 20 per cent. 
and 25 per cent., the results obtained were very 
satisfactory. 

Traffic 

The establishment for the first time of tele- 
phone communication between two areas having 
a large community of interest, each of which 
had already its own telephone network, gave 
rise to an unusual situation from the traffic 
point of view. It was naturally impossible to 
estimate accurately what the trafic density 
would be, and some figures may therefore be of 
interest. 

It is the practice in the Commonwealth to 
base the charges for trunk calls on the air line 
distance between the points connected, and 
this principle is applied to the Tasmanian link, 
in spite of the heavier initial cost of establishing 
the circuits. The charges for the various periods 
of the twenty-four hours are at present as 
follows : 


7 am. 
9 am— | 9 am. 9 p.m. 
6 p.m. 6 p.m.- | 7 am 
9 p.m. 
Melbourne-Launceston | 3s. 6d. 2s. 8d. Is. 9d. 
Melbourne-Hobart 4s. 6d. 8s. 5d. 2s. 3d. 


During the first week after the service was 
opened, the daily average number of calls for 
a week-day was 313, while the corresponding 
figure for the first three months in service was 
252 calls. As the average for the third month 
of service (June) was 237, it would appear that 
the initial rush of business arising from the 
novelty aspect has died out and that traffic is 
likely to be maintained at the high level indicated. 
In this connection it is of interest to note that 
the additional land-line systems for bringing 
the remainder of the cable channels into service 
have already been ordered. 


CONCLUSION 


The authors wish to express their sincere 
appreciation of the work of the engineering, 
installation and maintenance staffs of the 
Postmaster-General’s Department throughout 
the work of installing and testing the equip- 
ment, and, in particular, for the spirit of willing 
co-operation in which that work was carried 
out. The authors also wish to thank the 
Department for permission to publish the 
various photographs and other data contained 
in the paper. 


Two Kilowatt Broadcasters in Bulgaria 


By I. GANTCHEFF, 


Chief Engineer, Bulgarian Postal Administration, 


and 
G. DE CZEGLEDY, 
Standard Electric Company, Limited, Ujpest, Hungary 


FEW years ago, in order to furnish good 
broadcasting service to the largest 
possible number of listeners, the 
Bulgarian Postal Administration decided to 
provide an up-to-date broadcasting system. 
Owing to the peculiar geographical nature 
of the country, it was from the very outset 
obvious that for a satisfactory distribution of 
field strength more than one broadcaster would 
be necessary. Bulgaria extends from West to 


Fig. 1\—Transmitter Building and Antenna at Varna. 


East, and by the ragged range of the Balkans 
the oblongly shaped country is divided into 
two sections. Preliminary studies showed that 
three stations at least would be required for 
an efficient broadcasting service. 

The first stage in the execution of the pro- 
gramme of the Administration was the erection 
of two small broadcasters. 

The determination of the site of these stations 
required much effort on the part of the Radio 
Department of the Administration. A portable 
radio transmitter was stationed at various 
points of the regions which, based on previous 
geographical studies, had been roughly chosen. 
The best results were obtained in the vicinity 
of Varna and Stara Zagora, towns which were 
then definitively made the sites of the two 
broadcasters. 

At first—at the beginning of the year 1936— 
the station of Stara Zagora was installed. Then, 
in about a month and a half, Varna followed. 
Trial transmissions took place at both stations 
in April, while regular service was started in 
May, 1936. 

Both transmitters are equipped with complete 
speech input equipment installed at the re- 
spective studios located in Varna and Stara 
Zagora. 

The broadcasters, which were ordered from 
Standard Electric Company Ltd. (Hungary), 
are of the full mains operated type having an 
unmodulated output power of 2 kW. The 
wavelengths are 235.1 metres for Varna and 
214.0 metres for Stara Zagora. 

In this system, the carrier frequency of the 
transmitter is generated by means of a master 
oscillator at low power level. The oscillator 
provides the sole drive for the subsequent 
stages of the transmitter, and the frequencies 
are maintained within close limits by means of 
crystal control. Modulation occurs at a con- 
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siderably higher level in order to prevent the 
carrier frequency from being affected by it. 

Modulation of the carrier by the audio 
frequency input suitably amplified is performed 
in the output of the modulated amplifier stage, 
the anode circuits of the modulator and 
modulated amplifier valves being coupled by 
means of a transformer. To ensure high 
degree, distortionless modulation, the modulator 
stage has a relatively large power handling 
capacity. All amplifiers use balanced push- 
pull circuits. ‘This system practically eliminates 
reaction and thus secures a straight line 
characteristic for the amplifiers ; it also renders 
the tuning of the various circuits mutually 
independent. 

The transmitters are about six to seven 
kilometres distant from the two towns. For the 
transmitting buildings, separate three-phase 
6000-volt transmission lines are required. The 
voltage is transformed into 380 volts 3-phase ; 
and, on account of the frequent voltage fluctua- 
tions in the mains, this secondary voltage is 
stabilised by a rotary voltage regulator. 

The transmitter building and antenna at 
Varna as well as the general layout are shown 
in Figs. 1 and 2. The latter represents the 
plan. view of the ground floor in which the 
transmitter and all power supplies are installed. 

The 6000/380-volt 3-phase transformer is 
in room “T” of the figure. The secondary 
voltage is stabilised by the rotary regulator 
in room “R.” 


All radio frequency and power supply 


3. L.T. RECTIFIER 
6. H.T. RECTIFIER 
8. VOLTAGE REGULATOR 9 MAIN TRANSFORMER 


Fig. 2—Plan of Ground Floor Layout, Varna. 


2. MASTER OSCILLATOR 
5. POWER AMPLIFIER 


4. LINE AMPLIFIER 
4. OSC-MOD UNIT 
7. CONTROL DESK 


equipment is installed in the large central hall. 
At the left is the line amplifier and by its side, 
a little to the rear, the high frequency stability 
master oscillator. From left to right are: the 
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Block Schematic. 


Fig. 3—Transmitter Circuit, 


low voltage rectifier, the oscillator-modulator 
unit and the power amplifier. The high 
voltage rectifier is located on the right side. 

Press buttons for start and stop and 
monitoring jacks are mounted on the desk 
situated in the middle of the transmitting hall. 

The transmitting buildings and the city 
studios are connected by two 2-wire open wire 
lines. The line amplifier, to which one of the 
lines is connected, is provided with a volume 
indicator. By means of the volume indicator 
the incoming transmission level is checked 
daily, and thus it is possible to free the level 
from temporary fluctuations of the attenuation 
of the open wire line. 

The maximum amplification of the line 
amplifier is 45 decibels; its frequency 
characteristic is adjusted so as to equalise the 
distortion of the open wire line. 

The output of the line amplifier is connected 
to the two-stage modulator, the first stage of 
which incorporates two 50-watt, the second 
stage two 250-watt valves. 

The outgoing circuit of the modulator is 
connected in series with the anode circuit of 
the modulated amplifier. The Heising method 
of modulation is employed. 

The input circuit of the modulated amplifier 
is fed by the type C0.4 master oscillator, 
which produces the carrier frequency of the 
transmitter with a stability of 5x10°%. For 
stabilisation a quartz crystal is used. The 
crystal is mounted in a special thermostat 
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From left to right : 
.Low Voltage Rectifier, Oscillator-Modulator Unit, Power 
Amplifier and High Veltage Rectifier. 


Fig. 4—Transmitter Room at Varna. 


with a temperature variation of not more than 
0.1° Centigrade. 

There is another, a spare crystal oscillator 
installed in the oscillator-modulator unit. The 
frequency stability of this unit is 25 x 10°. 

The 250-watt modulated amplifier drives 
the power amplifier stage, which consists of 
four parallel and push-pull connected 1.2 kW. 
air-cooled valves with the necessary output 
and antenna tuning circuits. 

Power supply equipment consists of rectifiers 
exclusively ; no rotating generators or storage 
batteries are used. 

The following voltages are produced by the 
low voltage rectifier by means of hot cathode 
mercury vapour rectifier valves : 

150 volts grid for the various units, 

1100 volts anode for the oscillator, modulated 
amplifier and the first stage of the 
modulator, 

1500 volts anode for the second stage of the 
modulator. 

The 1.2 kW. valves are heated by 10 volts a.c. 
The necessary grid bias is supplied by a dry 
rectifier installed in the unit itself. 

The 3000-volt anode voltage of the power 
- amplifier valves is supplied by a 3/6—-phase grid 
controlled mercury vapour rectifier with glass 
bulb. This rectifier is placed in the unit itself 
together with all auxiliary circuits. The mercury 
vapour rectifier is ignited automatically. 

The transmitter (Figs. 3, 4 and 5) is centrally 
controlled by three press buttons mounted 
on the monitoring desk. With the aid of a 
remote control circuit, the station may also be 


started or stopped from the studio in the city. 
Alarms inserted in the starting circuit signal 
failure of both antenna and mains current. 

An interval of less than a minute is required 
for starting the complete transmitting equip- 
ment. The proper sequence of switching is 
safeguarded by a set of automatic delay relays. 
All voltages and currents may be read on meters 
on the front panels of the units. 

Removable turn-dials serve for tuning in 
and adjusting the transmitting equipment. 

Adequate protection is provided both for 
personnel and apparatus. The apparatus is 
assembled in totally enclosed units with “dead” 
front panels. Access to apparatus in the various 
units is obtained through a door at the rear of 
each unit. The doors are fitted with safety 
switches which ensure that all high tension 
supplies are removed from the units before 
the doors are opened. 

To protect the valves and other expensive 
pieces of apparatus from damage due to faulty 
operation, the switching arrangements are such 
as to prevent the various voltages from being 
applied in the wrong order, and provision is 
made for the automatic disconnection of the 
high tension supplies in the event of failure of 
the grid supplies. 

The equipment is characterised by safety, 
simplicity and ease of operation. 

The antenna is at a distance of about fifteen 
metres from the transmitting building. A simple 
transmission line connects the two. 

The excellent quality of the transmitter is 
best shown by a few data from the Minutes 


Fig. 5—Transmitter Room at Varna—Line Amplifier and 
High Stability Master Oscillator. 
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taken on the occasion of the acceptance tests. 
For Varna, the following data were obtained : 
Output Power: The unmodulated radio 
frequency output was 2.07 kW. 
Klirr factor :* (measured at 400 p:s) 


Modulation Klirr Factor 
per cent. per cent. 
2.99 
80 3.70 
90 4.56 
100 7.31 


Audio frequency characteristic (measured be- 
tween 35 and 10,000 p : s): The maximum 
variation was 1.66 db. 

Carrier noise : 

55 decibels, below the level of 100 per cent. 
modulation. 

Power consumption : 

When unmodulated, 11.15 kW. 

Efficiency : 18.5 per cent. 

Acceptance tests were made with the very 
accurate General Radio Monitoring Assembly, 
with due regard to all- corrections. 

The speech input equipment (Fig. 6) installed 
at the studio in the city is also of the 
entirely mains operated type. It is provided 
with three pre-amplifiers for the moving coil 
microphones. 

A four-channel mixer panel is used for 
mixing the different microphones or other pick- 
up circuits. By means of the main amplifier, 
the level is raised to the suitable value. 

In this system, the total gain between micro- 
phone and line is divided into two parts. The 
pre-amplifier used between microphone and 
mixer has a gain of about 20 decibels. After 
the mixer, the main amplifier follows with a 
maximum gain of about 60 decibels, giving—for 
normal modulation—an average of 1.2 volts to 
the 600-ohm transmission line. 

The design of the jack strip of the amplifier 
equipment allows of transmission of various 
broadcast plays. As switchings must be per- 
formed in logical order, errors are almost 
entirely excluded. The circuits of three 
microphones and of a gramophone may be mixed 
in all possible combinations ; and, in addition, 
outside broadcast facilities have been provided 
for. The incoming and outgoing lines are 
connected through a separate jack strip. 


* Coefficient of non-linear distortion. 
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Fig. 6—wSpeech Input Circuit in Studio—Block 
Schematic. 


Special attention was given to the elimination 
of noise due to mechanical and acoustical 
shocks to the valves. 

Standard moving coil microphones are used. 
This type is most suitable for both studio and 
outside broadcasts. 

A volume indicator connected to the output 
circuit of the main amplifier has been provided 
for adequate control of the programmes. This 
indicator, which shows the average value of the 
programme level, is of the low speed type. 

Transmissions of programmes may be listened 
to with headphones or through the monitoring 
amplifier by means of a loud speaker. The 
radiated programme is received with an inbuilt 
receiver; and, by means of a key mounted on 
the monitoring amplifier, the reception may be 
checked against the actual transmission. 

The excellent quality of the speech input 
equipment is indicated by the following data 
taken from the Minutes of the acceptance tests 
for Varna: 

Frequency response 
30 and 10,000 p:s. 
measured : 


characteristics between 
Maximum variations 


(a) Three pre-amplifiers: 0.86, 1.06 and 


1.06 db. 

(b) Main Amplifier : 1.9 db. 

(c) Line Amplifier: (at the transmitter) 
1.0 db. 


Klirr factor (measured at 400 p:s): 
Line Amplifier : 0.8 per cent. 

No measurements have as yet been taken of 
the radiating quality of the transmitters. How- 
ever, good quality broadcasts, for example, are 
received from Stara Zagora even several hundred 
kilometres beyond the frontiers of the country, 
such as in Budapest and in Alexandria. 


History and Application of Piezoelectricity 


By M. TOURNIER, 


Les Laboratoires, Le Matériel Téléphonique, Paris, France 


ATURE, which endowed man with the 
N power of doing mechanical work with 

his muscles, did not furnish him with 
an obvious means of producing electricity. It 
was only in the 17th Century that Volta, by 
inventing the battery, gave humanity the first 
source of electrical energy. 

After Faraday and Ampère, engineers learned 
to devise machines for transforming energy for 
distribution in electrical form. In these 
machines, iron or magnets were always found ; 
and ferro-magnetism, that mysterious molecular 
property of iron, has been basic in the develop- 
ment of the electrical arts : it is the transforma- 
tion medium between electrical and mechanical 
energy. For about half a century, this link 
between matter and electricity seemed unique 
and irreplaceable. 

Then came the notable studies of Becquerel 
and Gauguin on pyroelectricity. The theories 
formulated by the Curie brothers to explain this 
strange phenomenon led them to foresee a new 
property of matter : piezoelectricity, the specific 
attribute of certain crystalline substances. 
Langevin showed subsequently that piezo- 
electricity made it possible to create a new 
branch of electro-technique whereby the 
exchange of mechanical and electrical energy 
may take place in both directions without the 
intervention of ferro-magnetism. Quartz made 
its entry in this technique; and in a very few 
years, a large number of applications were 
developed, thanks to the work of Curie and 
Langevin. 


History of Piezoelectricity 


Piezoelectricity is the property of electrical 
polarization possessed by certain crystals when 
subjected to mechanical deformation. The 
kindred phenomenon, pyroelectricity (the polari- 
zation of certain crystals when heated), had been 
known for a long while. In the Annals of 
Chemistry and Physics there exists a paper of 


Becquerel on this subject dating from 1828, and 
an important paper of Gauguin in 1856. 

In 1881, Pierre Curie studied pyroelectricity 
and gave an interpretation of it deduced from 
theoretical and philosophical considerations. 
The development of these theories led him to 
foresee, before he was really able to observe it, 
the new phenomenon—piezoelectricity. In the 
history of science, this discovery is one of the 
rare examples of a new physical fact which was 
of capital importance for the future of scientific 
research and which was completely foreseen 
before it was found by experiment. 

The discovery of the planet Neptune has 
been largely quoted and admired for the 
efficiency of the Cartesian method of reasoning. 
It is well known that after observing the per- 
turbations of Uranus, Le Verrier foresaw 
the existence of a planet, until then unknown, for 
which he published the constants and co- 
ordinates. Galle, a German astronomer, dis- 
covered it at the appointed hour in that part of 
the sky which Le Verrier had indicated. Almost 
at the same time, Adam, an English astronomer, 
who was not aware of these studies, announced 
the existence of this planet in the same place 
and by almost the same calculations. Such 
facts illustrate the power of the scientific method 
created by Descartes and developed and formu- 
lated by Claude Bernard, the operations taking 
place in the following order: observation, 
hypothesis, and experiment, contradicting or 
corroborating the hypothesis. 

In the discovery of piezoelectricity, we again 
find these three stages. Here the analysis of facts 
by the scholar’s mind is singularly original and 
powerful. After crystallographic studies, Curie 
enunciated the principle of symmetry, which 
may be summarized as follows : 

When a phenomenon A, which presents 
special characteristics of symmetry is the cause of 
a phenomenon B, we find, in the symmetrical 
elements of B, those which are the special 


_ characteristics of A. Conversely, if we observe 
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in a phenomenon “effect” B special character- 
istics of symmetry, we may be sure that they 
exist also in the “‘cause’”’ phenomenon A. 


Example 


The magnetic field has a symmetrical char- 
acter completely represented by the properties 
of an axial vector. A mass of iron placed in an 
electro-magnetic field becomes magnetized. 
This effect can be represented and measured by 
the knowledge in each point of the solid of the 
magnetizing vector, which is, itself, also an 
axial vector. 

The application of a force (symmetry of a 
polar vector) to a free material mass produces 
an acceleration of this mass. The acceleration 


also has the symmetry of a polar vector. 


Curie “Piezoelectric Quartz? Apparatus. 


The electric field has the symmetry of a polar 
vector. When one places in it a dielectric sub- 
stance, this polarizes itself electrically. The 
electrical polarization vector, which permits the 
representation of this modification of the space 
property, also possesses the symmetry of a 
polarization vector. 

Pyroelectricity seemed to have escaped this 
law. The apparent cause of the elevation of tem- 
perature phenomenon may be represented by a 
scalar quantity. The “effect” phenomenon, 
which is here the electrical polarization, should 
be represented by a polarization vector. The 
principle of symmetry seems to be at fault. 
Curie remarked that pyroelectricity is not a 
general phenomenon and that it is only observed 
in certain crystals endowed with special elastic 
properties. The symmetrical type, which it is 
impossible to discover in the initial physical 
agent, must exist in the crystal. 

The action of heat in the crystal determines 
the tensions distributed in space by reason of its 
elastic properties. When these tensions are dis- 
tributed in space with the symmetry of a polar 
vector, the substance may be pyroelectric. Such 
is the case of the hemimorphic hemiedrie of the 
tennary system (tourmaline), of the hemimorphic 
hemiedrie of the orthorhombic system (calamine, 
resorcine), and of the enantiomorphic hemiedrie 
of the clinorhombic system (sugar, tartaric acid, 
tartrate of potash). The action of an exterior 
force also determines the appearance of tensions 
in an elastic and unisotropic substance. When 
the elastic properties of the substance are such 
that the application of an exterior force deter- 
mines the internal tensions regulated according 
to the character of the symmetry of the electrical 
field vector, polarization may appear. It is, 
obviously, impossible to apply a single force to 
an isolated substance. One can only imagine 
that the substance is submitted to two equal and 
opposing forces (the pressure of a clamp) 
between which one cannot distinguish a pre- 
determined direction. In order that these 
opposing forces may produce an effect which 
can be represented by a single vector with fixed 
orientation, the crystalline substance must be 
deprived of its center of symmetry. Among 
the twenty-one classes of crystals deprived of 
this center, we find twenty which are piezo- 
electric. These facts, enunciated by Curie in 
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Curie Electrometer. 


several papers, were experimentally verified by 
him, but his principal study was made on quartz. 
The laws of Curie are the following : First law : 
Whatever be the direction of the pressure applied 
to the crystal, the polarization is always normal 
to the optical axis; Second law: A uniform 
pressure parallel to the optical axis does not 
produce polarization; Third law: The charge 
dQ is proportional to the force dF when the 
latter is directed according to the electrical 
axis, that is, 


dQ = KdF. 


When the force dF is applied in a per- 
pendicular direction to the electrical and the 
optical axes, the quantity of electricity liberated 
on the electrode is dQ = K(L/e)dF. The 
first equation must be completed by the con- 
sideration that the charge may be modified by 
variation of the potential imposed on the 
electrode. In. other words, for a condenser of 
piezoelectric dielectric, the charge is the func- 


tion of two independent variants, the applied 
force F and the potential V. The final equation 
is, therefore : 


dQ = KdF+CdV (Curie’s equation), 


where C represents the electrostatic capacity of 
the condenser of constant force. 

Curie was interested in electrometrics as well 
as in crystallography, and he thought of utilizing 
the property of quartz, which he had just dis- 
covered, to evaluate electric quantities in terms 
of force. 

In collaboration with his brother, Jacques 
Curie, he constructed the apparatus known 
under the name of “Piezoelectric Quartz.” In 
this apparatus, a sheet of quartz cut perpen- 
dicularly to the electrical axis is fixed between 
two jaws; the upper jaw is fixed to a rigid 
support, the lower to a scale which permits the 
application of a force by means of a known 
weight. The direction of the force is per- 
pendicular to the optical and electrical axes. 
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The sheet is covered with tin for receiving the 
charges. One of the tin sheets is connected 
to ground, the other to an insulated pair of 
quadrants of an electrometer mounted hetero- 
statically. The sheets are dimensioned so 
that one kilogramme of traction corresponds to 
an absolute C.G.S. electrostatic unit of electrical 
quantity. 

One may demonstrate by the electrometer the 
charge released by 0.5 gramme of quartz, and 
the sheet has sufficient power of resistance to 
support the traction of 5 kilogrammes. Thus an 
instrument capable of measuring quantities of 
electricity proportionate to the weight varying 
from 1 to 10,000 is available. This apparatus 
was shown at the Electrical Exhibition held at 
the Paris Observatories in 1885. 

After Curie’s discovery of the direct piezo- 
electric phenomenon, Lippmann published a 
theoretical work on the converse phenomenon : 
the geometrical deformation of the crystal when 
it is placed in an electrical field. Lippmann, 
founding his conclusions both on the principles 
of the conservation of energy and of electricity as 
well as on the properties of the direct pheno- 
menon, was able to foresee and demonstrate in 
advance the special properties of the converse 
phenomenon.! He even gave the means of 
calculating beforehand the crystal size for a pre- 
determined potential difference when the 
quantity of electricity released by a predeter- 
mined pressure is known. 

The two converse phenomena are connected 
by the general law (enunciated by Lippmann), 
which is nothing but a generalization of Lenz’s 
law. In effect, the converse phenomenon always 
tends to oppose the production of the earlier 
phenomenon. 

The initial form of the apparatus foreseen by 
Curie for illustrating these phenomena was the 
following : 

Several discs, cut perpendicularly to the axis, 
are provided with metal electrodes and superim- 
posed by being separated. by isolating blocks. 
The whole pile is tightly squeezed in a press, 
one of the discs being connected to the isolated 
quadrant of an electrometer and to the earth. 
One surface of the other disc may be placed in 
connection with a source of potential difference, 


1“ The Principle of the Conservation of Electricity,” 
Annals of Chemistry and Physics, 1881, p. 145. 


Ultra-sonic Transmitting Apparatus. 


the other surface of the same disc being con- 
nected to ground. After equilibrium has been 
established, the difference of potential may be 
applied. Because of the converse effect, the 
disc undergoes deformation; and, since the 
press holds it rigidly, it exerts supplementary 
pressure on the disc connected to the electro- 
meter. This pressure is made evident by the 
appearance of a charge on the quadrant. 

A second and more sensitive arrangement al- 
lowed Curie to make the deformation of the 
crystal directly evident. 

Two very thin plates of quartz are cut parallel 
from the same block of quartz and normally to an 
electrical axis. Their contour has the form of an 
elongated rectangle. The width of the sheet is 
parallel to the optical axis and the length is 
normal both to the optical and electrical axes. 

The two identical sheets are ground until they 
are only some hundredths of a millimeter thick. 
They are glued together with Canadian balm so 
that the electrical axes are in opposite directions 
in the two sheets and the external surfaces of the 
double sheet are silvered. If a difference of 
potential is established between the two silvered 
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surfaces, one of the sheets tends to elongate 
itself in the direction of its length and the other 
to shorten itself. Since they are stuck together, 
the double sheet bends and the convexity is on 
the side of the sheet which elongates itself. The 
phenomenon is amplified by fixing to the free 
extremity a long light needle. 

These very delicate sheets (1/30 millimeter 
for each shect with 80 centimeters of length) have 
been cut by Werlein, an optician of great talent. 
There are thus obtained instruments which are 
sensitive to 5 volts and may serve up to 1,000 
volts. They have permitted measurements of 
the piezoelectrical constant corresponding to the 
deformation under the influence of a field. The 
deformation foreseen by Lippmann’s theory is 
an elongation in the direction of the electrical 
axis of the crystal, this elongation being propor- 
tional to the difference of potential : 


dx, = KdV. 


‘The theory permits determination of the fraction 
dx/dV when the elastic force is constant, and it 


Ultra-sonic Transmitter with a Device for Submerging and 
Electric Control of Movements. 


is exactly equal to the piezoelectric modulus K 
of Curie’s formula, where, 


dQ = KdF and K = 6.36 10°. 


The Work of Voigt—1890-1892 


Some years later Voigt published some very 
important papers wherein he gave a complete 
theory of the piezoelectric properties of crystals. 
In reality, by reason of the anisotropism of the 
substance, the application to a crystalline sheet 
of a force directed other than along the optical 
axis, also produces piezoelectrical phenomena. 
One may find a relation between the electro- 
static polarization of the substance and the com- 
ponent parts of the force which provoke this 
polarization. 

From a purely elastic point of view, Voigt 
stated that the pressure components are linear 
functions of the differential quotients which rep- 
resent the deformations. If an element of 
thickness dx is displaced by u, following the 
direction x, one can write x, = du/dx. This 
term represents the contraction in the direc- 
tion x. 

dv dw 

In the same way : y, = D and z, = T 
but the molecular displacement in the direction 
of the axis x changes from one point in the 
crystal to another in all directions. One may 
express the deformations of shearing by the 


quantities : 
ag d S dwu = ae. Go 
ye Jz dy’ * dx’ dz ? dy * dx 


and Voigt’s relation between the components : 
Xo Yp Za Y,, Zo X, and the differential 
quotients are the following : 

Xa=C1r Xe +C yn YytCis Ze+Cr YetCis Zat Cis Xy 
~ Yy=C21 Xat Cez Yy HCas Zz +C24 Vet Cas Fut Coe Xy, 
— Za=C31 Xo t+C32 Yy +Cas Zz +Csa Vet Cas Za +Css Xy, 
— Y, =Car, Xat Caz Vy t+Cas et Cas Vet Cas Z+ Cas Xy, 
= Za=C51 Xa +O 52 Vut Css Z2+C 54 Ve+Css Za +Cse Xy 
—Xy=Cor Xet Cez YytCess zF Ces Vet Cos Fat Coe Xy 

Conversely, the components of the deforma- 

tions Xe Yyy Za Yo Zw Xy May be expressed by 
the function of the components of the pressure : 


= X= S11 Xoe tSr Yyt Sis Zet Sia Yet Sis Zat Sis Xy, 
= YVYy= S21 Xet Soo Yy tSas Zet Saa Yst Sos Za+ Sag Xy, 
—8,=S 31 Xa HS2 YytS33 Ze +S Yot Sas Zet Sse Xy 
—Ve= Sa Xat Saz Yy Sas Zet Saa Yot Sas Zet Sis Xy, 
> ZaSS Xr t Ss YutSsg Zat Ssa Yot Sss Zat Sse Xy, 
~ Xy=S61 Xot Seo YytSos Zet Sea Yet Sos Zat Ses Xr 
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In these expressions : 
Ciz =Cri and Six=Sxi, 

the relations are entirely general in any elastic 
substance, but the particular supplementary 
relations between the numerical coefficients char- 
acterise the type of symmetry in a given crystal- 
line substance. 

For quartz, choosing for optical axis the axis 
of Z, we have the following table for the coeffi- 
cients C and S: 


Cir Cie Cis Cia 0 0 Sir Siz Sis Sis 0 0 
Cir Cis Cua 0 0 Sir Sis — Sig 0 0 

Cz, 0 0 0 Sa 0 0 0 

Cua 0 0 Saa 0 0 

Caa Cia Saa 2S4 

Css Soe 


The relations of elasticity thus simplified, 
there remains : 


- X,= Cy AE Yyt Cis Za +C14 Yz 


- Y,= 11 YytCis 827 Cia Ye 

= Z= C33 Zz 

- Y, = OTE 

- Z,= Caa Ze +C Xy 
-X,= Css Xy 
~ Xo = S11 Xat Sia Yy t Sis ZetSia Y; 

a ea Sir YytSis Ze- S14 Y: 

-g5 Sag Za 

V2 Sia Y: 

8, +Sa4 Za +2514 Xy 
— ky = Sos Xy 
where 


Ces =} (Cir~ Cio) and Se= 2 (S11 Sia). 


In addition, in a general way, we. have the 
following relations between the coefficients C 
and S, 

where A, i and K = 1-2---0 
For quartz, we have : 
Cy,= 85.46 10! Dyn cm?, Sy,= 12.95 10- cm?/Dyn, 
C3=105.62 101! Dyncm?, Sz3= 9.88 10-*° cm*/Dyn, 
Ca= 57.12 10" Dyncm?, S= 20.05 10-*? cm?/Dyn, 
Cia= 7.25 10 Dynem?, Sy,= 1.69 10-1? cm*/Dyn, 
Cis= 14.35 10" Dyn cm?, S= -— 1.54 10-7? cm?/Dyn, 
Cy,= 16.82 10% Dyn cm?, Sia= 3.81 10"? cm?/Dyn. 

The direct piezoelectric effect represents the 
dependence between the deformation of the 
crystal and the electrical polarization of the 
substance : 


P =E11 Xet Er Yy t E13 224 Eia yet E15 Ze tE Xy 
P = Ey Xs Eg Yy t Ess zs tE Vet E05 Fat Eas Xy, 
P,=E3; Xa Es Yy tEss Zat Esa Yat Ess Fat E56 Xy 


The converse piezoelectrical effect, i.e., the 


deformation by an external electrical field, obeys 
the following linear equation : 


Xa=d;1; Eg +dzı Ey+dzı Ez, 
Yy=d;z Ez +d22 Ey tdg E,, 
B= 13 Eg tdoz Ey +d Ez, 
Vo=dyy Es +de Ey +d Ez, 
Zs=dıs Es +d25 Eyt dzs Ez, 
Xy=d1s Es +d Ey +de Ez 


For the crystalline system of quartz, the piezo- 
electric modulus and the constants are 
simplified : 


ĉi — ĉi 0 Eia 0 0 
0 0 0 0 — 14 = C1 
0 0 0 0 0 0 
dy -= dy, 0 dia 0 0 
0 0 0 0 -= dis — 2dy, 
0 0 0 0 0 0 
€11=4.77 104 dı =6.36 10-8 
€14=1.23 104 dı4=1.69 10-8 
The general simplified equations are : 
X,=dy, Ey, P,=e1, Xs- e11 Yy +C Ya, 
Y, =d; Er, Py=e14 Ze — er Xy. 
Y,=dy Ez, 
Zs=d;4 E,, 
X= — 2d, En 


These equations, besides the effects shown by 
Curie, express the possibility of obtaining piezo- 
electric effects by shearing. 

If a sheet is cut parallel to the surfaces, i.e., 
to the electrical axis, and if a field is applied 
in the direction y, there will follow a deformation 
of the type Z, and another of the type X,. 

In the same way, there will here appear a 
polarization directed according to y, if the sheet 
is sheared in a perpendicular sense. 

During many years, the widely known piezo- 
electric effects were neglected except for mea- 
suring charges. 


Work of Langevin 


In 1914, on the invitation of the French Min- 
istry of Marine, work was begun which was des- 
tined to make progress in methods of defence. It 
was proposed to find a way which would enable a 
ship to detect the presence of a dangerous sub- 
merged object—a submarine or a mine. The use 
of echoes was suggested, the searching ship emit- 
ting a sound-wave into the water. ‘This wave, 
reflected by the obstacle, would be retransmitted 
towards the ship which would be provided with a 
microphone system. The measure of the time 
taken by the signal to go and return would 
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Recording of Echo Signals on the Floor of the Sea. 


mission Signal, the Lower to the Floor Sounds (Echoes) Which Move as the Vessel Travels and Which 
Trace, Vertically to the Ship’s Path, the Profile of the Sea Depths. 


The Upper Recording Corresponds to the Trans- 


furnish the distance of the obstacle. If it were 
possible, in addition, to detect the direction, it 
would be possible to localize the obstacle. By 
reason of the great speed of sound propagation in 
water, however, the wavelength, which corre- 
sponds to average musical frequencies, is very 
great, being about 3 metres at 500 cycles, and of 
the same order as the dimensions of the objects to 
be detected. One may be sure that diffraction 
will play an important part and that the greatest 
part of the energy received by the obstacle will 
travel around it, only a small proportion return- 
ing to the observer. 

If, on the contrary, short wavelengths are em- 
ployed, the energy received by the obstacle may 
undergo the regular reflection and be remitted 
towards the observer under conditions defined by 
the form of the object and the laws of geometrical 
optics. The problem was put in a new form by 
Chilowsky who had observed that these interest- 
ing frequencies were commonly employed in 
wireless. The wavelength in water, as for instance 
1.5 centimeters—very small in comparison to the 


dimension of a dangerous submarine obstacle— 
is that which corresponds to a frequency of 
100,000, or 3,000 meters of electromagnetic wave- 
length. At the beginning of these researches, 
facilities for the production and reception of elec- 
trical oscillations of this frequency were already 
available. The problem thus resolved itself into 
finding a physical phenomenon which would 
permit the realization of the transformation of 
electrical energy in the form of oscillations of 
high frequency into elastic energy, and con- 
versely. In the first experiments, Langevin em- 
ployed electrical condensers capable of 
deformation for emission, and a microphone for 
reception. He thus. obtained very remarkable 
results, both in communications from a distance 
and in the case of echoes. The apparatus, how- 
ever, was fairly delicate and gave poor results. It 
was not until Langevin thought of utilizing the 
properties of quartz for the transformation of 
energy that the new technique achieved its 
definite form. Imagine.a submerged sheet of 
quartz covered with conducting electrodes. If U 
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be the potential difference and a the amplitude of 
deformation, we have a=KU, where K is the 
piezoelectric modulus equal to 6.5 x 10-8 when a 
is expressed in centimeters and U in electrostatic 
C.G.S. units. 

Calculations show that for fairly strong emis- 
sions, immense differences of potential are neces- 
sary. It is easy to determine the amplitude of 
displacements transmitted to the water in order 
to emit a given power value in the form of a 
wave. 

Let us fix the emitting power at 1 watt per 
square centimeter. A displacement of 0.4 
micron is sufficient for a frequency of 40,000 
cycles. By reason of the smallness of the 
piezoelectric modulus, this amplitude leads to 
a very high value of the potential difference. 
Nevertheless, the problem may be solved by 
having recourse to the same process for the 
reception, viz., the utilization of electrical 
resonance. By placing a circuit in resonance on 
the applied e.m.f., the potential difference is 
amplified to its limit and, further, it is possible 
to amplify the displacement by making use of 
elastic resonance. In effect, if we imagine a 
flat wave propagating itself parallel to the 
surfaces of the sheet, the time it takes to go and 
return after two reflections on the surfaces is 
T = 2e/V, where e is the thickness of the sheet 
and V the speed of the propagation of the elastic 
waves in the quartz, i.e., about 5,000 meters per 
second. 

For 40,000 periods, it is necessary to have 6 
centimeters of travel in the quartz. We thus 
excite a sheet of quartz 6 centimeters thick with 
an alternating current of 40,000 cycles per 
second and realize the resonance of the excita- 
tion under the vibrations of the sheet, also the 
amplification of these vibrations. Unfortu- 
nately, this amplification is limited by the fact 
that the piece of quartz is in water and cannot 
vibrate without damping. Calculation shows 
that the amplification under these conditions is 
only 5; that is to say, instead of 250,000 volts, 
it is possible, by making use of resonance, to 
employ 50,000 volts, which is still too high. 
This same calculation shows that when the 
sheet vibrates in air instead of water, the 
amplification is 10,000. 

To illustrate the effectiveness of resonance in 
producing in water important transmissions of 
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energy from an electric source of high frequency, 
an experiment conducted at the Laboratory in 
Toulon may be cited. With a power of 1 kW. 
in ultra-sonic waves, the quartz sheet being 
1 centimeter thick, which corresponds to a 
frequency of 160 kilocycles, there was produced 
in the water a phenomenon of radiation pressure 
shown by a curling movement. This movement 
was of a peculiar nature in that if an obstacle 
were interposed in the water, the curl formed 
again on the opposite side of the sheet. Fishes 
placed in a basin have been killed by these ultra- 
sonic waves. The vibrations at the indicated 
frequency correspond to an intracellular pressure 
of five atmospheres. Even with such ampli- 
tudes, a very large surface of quartz is required 
to radiate great power, the crystal employed in 
the preceding experiment being a specimen 
unique in its dimensions. 

Langevin then had the idea of forming a 
mosaic of quartz of some millimeters in thickness 
into a surface of 400 square centimeters, the 
mosaic being glued between two steel slabs 
with total thickness of 6 centimeters and 
vibrating at 40,000 cycles per second. The 
substitution of steel for quartz presents the 
great advantage of increasing the power of 
amplification. When the whole is in resonance 
and vibrates in half waves, the quartz sheet in 
the center is in the region of maximum pressure, 
and is then subjected to stronger pressure than 
the neighbouring regions of the surface in 
contact with the water. Its efficiency is thus 
increased. Thanks to this arrangement, 10,000 
volts are sufficient to radiate 1 watt per square 
centimeter instead of 50,000 volts. 

The phenomena of emission and of reception 
are thus realized at one and the same time. The 
apparatus is adapted to ultra-sonic waves just 
as the antenna in radioelectricity is applicable to 
Hertzian waves. It is the submarine antenna 
which is both the beacon and the eye. 

The smallness of the amplitude above calcu- 
lated, which arises from the lower power of 
compression of water, can only be compared 
with the smallness of the amplitudes necessary 
for reception. Experiment has shown that 
excellent reception can be obtained when, at 
the frequency of 40,000, the amplitude of the 
ultra-sonic waves impinging on the projector is 
only a millionth of the amplitude of the emitted 
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waves, i.e., an amplitude of the order of 10 
centimeters. This fact is remarkable, since these 
amplitudes are greatly inferior to the dimensions 
of the molecules, which are of the order of 
108 centimeters. 

The ultra-sonic transmitter possesses another 
highly important property : the power of direc- 
tion. In effect, the free surface in contact with 
the water functions like a flat piston in which all 


the points are displaced symmetrically by the 
alternating movement, and the vibrations in the 
water are transmitted in phase and in a direction 


` perpendicular to the flat surface of the trans- 


mitter. The reflected waves are similarly in 
phase and an addition in amplitude occurs. 
Contrariwise, in an oblique direction with an 
inclination of « from the perpendicular to the 
surface, the paths traversed on the straight line 


Recording by a Chemical Photographic Process of the Ocean Contour, Indicating the Presence 
of a Wreck. 


Duplication of the Depth Sounds (Echoes) Indicated at the Two Points Marked by Arrows and Caused 
by the Presence of a School of Fish. Their Presence was Checked by the Trawler Carrying the Ultra-sonic 
Apparatus. j 
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parallel to this direction are not the same. The 
difference between the lengths of these paths 
grows with the distance from the point of emis- 
sion considered as the point A, and reaches the 
value D sin «. Let us suppose that D sin « = 
4/2; the vibration emanating from A is opposite 
in phase to that of the point of origin. If the 
surface of emission be circular, we have a 
direction of minimum zero for : 


À 
sin « = 1.2 D 
If à= 5 cm. and D = 30 cm., 
sin a = 122 = 0.2. 


The emission, which is intense in the per- 
pendicular direction, is annulled in all directions 
which form an angle of 10 degrees. Beyond 
this angle we find an amplitude noticeably 
diminished and there is no more concordance 
of phase. A little more than 90 per cent. of the 
energy emitted is found concentrated in a 


Thermostat and Le Matériel Téléphonique Quartz Holder. 


cone with an angle of 2« at the apex, and this 
angle becomes more acute in proportion as the 
wavelength diminishes. 

The directivity of emission is accompanied by 
directivity of reception. Let us suppose that a 
flat wave arrives parallel to the surface. It im- 
pinges at all points symmetrically with respect 
to the amplitude, and the resulting movement is 
maximum. On the contrary, if the wave arrives 
obliquely, it is not in phase at all points. The 
effect of directivity is as marked at reception as 
at emission. 


Application of Ultra-Sonic Waves 


1. APPLICATION TO SOUNDING DEPTHS AT SEA 
The horizontal projector placed beneath 
the ship emits a ray which is reflected from 
the ocean bottom. A very short signal, 1/100 
millisecond, is transmitted and the interval 
of the time between the departure and re- 
turn d = Vt/2 is measured. The times of 
departure and arrival of the signal are 
recorded on the same strip of paper. Since 
the signals are regularly spaced, the profile 
of the bottom of the sea along the ship’s 
course may be measured. 


2. APPLICATION TO SIGNALING AND HORI- 
ZONTAL DETECTION 


A projector with a mobile vertical axis 
enables brief signals to be sent successively 
in all directions. When a submarine 
obstacle exists in the direction in which a 
ray has been emitted, an echo signal is 
received at the end of a period, depending 
on the distance of the obstacle. The 
position of this obstacle in relation to the 
ship is thus defined in polar co-ordinates. 
In effect, the support of the projector 
carries a mobile graduation. 

Such a projector has been proposed for 
discovering the position of icebergs, sub- 
marines, and mines. 

The entrance to the Port of Calais has 
been furnished with an ultra-sonic pro- 
jector. The signals emitted are received on 
the boats coming from Dover and permit 
the entrance to the harbour to be found with 
ease, even in the case of fog. The arriving 
boat turns its projector in the direction of 
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Master Oscillator and Thermostat. 


maximum intensity, thus furnishing it with 
the direction of the station of emission. In 
addition, a radio antenna transmits a signal 
simultaneously with the submarine signal. 
The entering ship possesses an antenna 
regulated to the same wavelength. It, 
therefore, registers two successive signals : 
the first, Hertzian; the second, ultra- 
sonic. The interval of time between the 
two permits the distance to be known. 
Finally, the ultra-sonic apparatus, modulated 
to the frequency of the voice, makes 
two-way submarine telephony practicable. 


The Use of Quartz for Frequency Stabiliza- 
tion 

Up to 1922, one may say that in the realm of 
alternating currents of high frequency, only 
electrical oscillations of circuits containing self- 
inductance and capacity were employed. In this 
system the cnergy accumulated in the condenser 
passes alternately from the electrostatic to the 
electromagnetic form, the period of the circuit, 
according to Kelvin, being : 


All these quantities can change with tempera- 
ture; the accuracy of a good triode oscillator is 
not higher than one part in ten thousand. 

In the ultra-sonic apparatus of Langevin, the 
alternating phenomenon is the successive reflec- 
tions of flat waves on the surface of a steel block 
with a frequency defined by the thickness of the 
block and by the rate of propagation of elastic 
waves. These two physical quantities being 
completely constant, the time of the double 
journey of the wave is rigidly fixed. 

This particular stability of the natural period 
of a vibrating bar had been observed by Lange- 
vin who had given a complete theory of the 
vibrations of a quartz sheet with parallel 
surfaces, and of a quartz sheet glued between 
two steel slabs.2 The paper on this subject 
was submitted at the Washington Congress of 
June, 1917. In 1922, Cady published a 
simple theory, permitting consideration of the 
crystal in the neighbourhood of a resonance 
as an oscillating circuit of which the constants 
L C R may be calculated by functions of the 
physical constants of quartz and its dimensions. 


? Sound Transmitter for Underwater Signaling, British 
Patent 145691, 1921. 

3 “Theory of Longitudinal Vibrations of Viscous Rods,” 
Physical Review, 1922, p. 191. 
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One may thus, in a manner familiar to electro- 
technicians, take account of the interaction be- 
tween a source of alternating current and a sheet 
of quartz. Cady and Pierce subsequently pub- 
lished papers wherein they indicated the simple 
means by which the oscillations of the crystal 
may be maintained by association with a triode. 

Cady, in his first publication, showed the 
absorption of energy in a very narrow frequency 
band, thus opening the path for future study on 
crystal filters. 

In January, 1920, when filing his first 
patent application (now United States Patent 
_ 1,450,246), Cady was working with crystal 
plates provided with the usual tin foil coatings. 
In neither this patent nor patent 1,472,583 
(filed May, 1921) did he consider the influence 
of an air gap between the plate and either of its 
electrodes. 

Dye demonstrated the influence of the air-gap 
contained between an oscillating quartz and its 
electrodes. He was able to put in evidence the 
existence of stationary waves in the air. Thanks 
to its extraordinarily weak decrement, the quartz 
sheet, whose oscillations are easily maintained 
by a triode, preserves a frequency which varies 
only very slightly with changes in the holding 
condition. As soon as this important fact was 
realized, the use of crystals was proposed for 
defining exactly the frequency of master oscil- 
lators of commercial transmitters. 

It may be said that, at the present moment, 
radio emission is merely the translation amplified 
in electrical form of the mechanical movement 
of a thin piezoelectric sheet which is both fragile 
and precious, which is breakable by a force of a 
few grammes, and which, nevertheless, controls, 
in the case of certain emissions, a power of 
several hundred kilowatts. 

Every electrical oscillator functioning periodi- 
cally may be compared to a clock. The trans- 
mitters of 20 years ago with arcs, sparks or 
triodes, in relation to the modern crystal trans- 
mitters, had the irregularity of the clepsydrae or 
hour-glasses compared to the perfect working of 
an astronomical clock. 

This wonderful frequency stability has per- 
mitted the simultaneous operation of a very 
large number of radio transmitters. Each trans- 
mitter emits a frequency-spectrum, restricted to 
a narrow, strictly limited band, with a rigidly 


A Vacuum-Mounted Crystal Oscillating on Partial 3 for 
the Crystal-Controlled Clock of the Laboratoire National de 
Radioélectricité (Le Matériel Téléphonique Product). 


constant carrier frequency. All the emissions of 
one country constitute a complete spectrum 
whose individual narrow bands are separated 
from the neighbouring bands as sharply as 
possible. Without stability, all these frequency 
bands would be changing continuously, and 
interference and superposition would render the 
stations unintelligible. Thanks to crystal 
control, the graphs published monthly by the 
International Office of Control at Brussels 
register variations of frequency which are very 
small for the majority of stations, and, for certain 
ones, do not exceed a few cycles. It has thus 
been possible to multiply the number of stations 
of emission without confusion ; also, to transmit 
simultaneously from several. distinct stations 
with the same modulation and wavelength, but 
with different master oscillators. 

This triumph of skill has been made possible 
by the use of master oscillators especially 
adapted to very high precision, the maximum 


324 


ELECTRICAL COMMUNICATION 


variation during an interval of 6 hours being of 
the order of one part in ten millions. It may be 
noted that this precision is of the same order as 
that of an astronomical clock. 


Frequency- Measurement Apparatus 


All frequency measurement is merely a meas- 
ure of time. To measure high frequencies is, 
indeed, to measure very short intervals of time. 
The unit of time, common to all, or almost all 
the systems of measurement, is the second, the 
1/86,400 part of the average solar day. The 
second is in reality only an auxiliary unit. 
The solar year alone can be defined by astro- 
nomical measurements, which enable our unit of 
time to be linked to the course of the stars. 
It is the solar year which is the true physical 
unit of time. The solar year lasts about 
31,000,000 seconds. 

Let us suppose that we wish to measure, 
approximately within the precision of one part 
in a million, the period of an electrical oscillator, 
the frequency of which is 5,000 kilocycles. This 
means that we must measure the time interval 
of 2 x 1077 seconds to the nearest fraction of 
1076. In other words, we must be able to 
determine a time interval of 2 x 10°! seconds 
by disposing of a physical unit of the value of 
31,000,000 seconds. The unit here is 1.5 x 102° 
times greater than the quantity to be measured. 

In the domain of measurements of length, the 
problem would be to determine a length of one 
millimeter by employing a ruler of which the 
length was 1.5 x 102° millimeters. For the 
light to traverse this ruler, a period of 5 x 108 
seconds, i.e., about 16 solar years, would be 
necessary. 

Most fortunately, in the case of measure- 
ments of time, we benefit from a rigid physical 
phenomenon. It is the isochronism of the 
oscillations of the pendulum affording a means 
for adding an immense but well determined 
number of brief, similar time intervals and 
comparing this sum with the standard of time. 
The astronomical clock is in reality only a 
meter which enables us to know how many 
oscillations are made in a year by means of a 
pendulum which is, as far as possible, 
independent of external circumstances in its 
movement. By admitting the necessary postu- 
late of the isochronism of oscillations, our 


unit of time becomes that period of the 
pendulum which is 1/31,000,000 of the solar 
year. This unit is, of course, convenient for 
measuring purposes. 

To continue the preceding example, when it 
is necessary to demonstrate a variation of one 
part in 10 millions in the frequency of an oscil- 
lator of 5,000,000 cycles per second, it still 
remains for us to determine a very small time 
interval with a unit which is 5 x 10™ times 
greater. l 

In the domain of measurements of length, the 
problem would be comparable to that of the 
measurement of one millimeter with a ruler of 
5 x 10% mm., i.e., 16 light seconds or about 
nine times the distance from the earth to the 
moon. 

To resolve this problem we here admit once 
more the postulate of the isochronism of the 
oscillations of quartz, and we set up a quartz 
clock which resembles in many ways an astro- 
nomical clock or, more precisely, a chronometer. 
Here the fundamental period will be that of 
the crystal, and is solely defined by the elastic 
properties of the crystal and its linear dimen- 
sions, similar to that of the balance-wheel of a 
chronometer. 

To complete the clock, we require a meter 
comprising an electrical demodulator system. 
If the period of the crystal be 1/100,000 part of 
a second, it is arranged so that the quartz at 
the end of each group of ten periods sets up a 
secondary electrical phenomenon (charging a 
neon lamp, for instance); then this first neon 
lamp will act on a second after ten of its own 
charges, and so on, and we end by disposing of 
a periodical current which presents 100 maxima 
per second. 

With this current a synchronous motor would 
be turned, and henceforth the demultiplication 
will take place by mechanical processes, as in 
ordinary clocks. It only remains to compare the 
working of the quartz clock with the working 
of an astronomical clock. A quartz clock in 
reality furnishes us with an auxiliary unit of 
time shorter than the astronomical clock, i.e., 
1/100,000 second. 

This time or unit is on the scale of the periods 
of the oscillations to be measured. The 
postulate, on which the accuracy of the measure- 
ments is based, is the isochronism of the quartz 
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oscillations. The probabilities are that this 
isochronism is much more rigid than that of 
the oscillations of the pendulum of the 
astronomical clock. 

The period of the astronomical pendulum may 
be influenced by many secondary phenomena, 
i.e., variations of atmospheric pressure, of tem- 
perature and, especially, of variations in the 
intensity of the field of gravity. Thus we may 
hope that, thanks to the use of quartz clocks, 
it will be possible to demonstrate more clearly 
certain anomalies of the earth’s movement. 


Temperature Coefficients 


The period of a crystal is, nevertheless, de- 
pendent on a certain number of external physical 
agents, among which temperature plays a pre- 
ponderant part. To avoid the inconvenience due 
to this phenomenon, thermostatic ovens have 
been constructed with a temperature as constant 
as possible and, in certain cases, it has been 
possible to obtain a temperature stability of the 
order of 1/100 of a degree. Recently, Lack and 
Marrisson have proposed the coupling of crystals 
so as to take advantage of different modes of 
vibration, propagating in different directions 
and having temperature coefficients of opposite 
signs. ‘Thanks to this coupling, for a given 
quartz specially cut, there exist fairly extensive 
regions in which frequency is independent of 
temperature. By a suitable choice of the 
ratios of different dimensions, very small 
temperature coefficients are obtainable. 

The accompanying illustration shows a quartz 
constructed at the L.M.T. Laboratories, Paris, 
for the National Laboratory of Radioelectricity. 
This quartz is an elongated bar, Curie-ground. 
Its length is parallel to the optical axis and its 
thickness to the electrical axis. It vibrates on 
the third partial by means of three pairs of 
electrodes cross-connected. Wires, knotted 
along the nodal lines, suspend the bar in a 
moulded quartz frame in the evacuated center of 
a sealed bulb. The bulb is placed in a ther- 
mostatic oven. Electrical mounting, connected 
with the crystals, permits one to obtain simul- 
taneously 50,000 oscillations of different 
frequencies, all known with the same accuracy 
as the fundamental quartz frequency. By means 
of recording systems, it is possible to obtain a 
permanent comparison between this quartz 


clock in the National Laboratory and all the 
clocks of mean time in the Paris Laboratory, 
each clock being compared during 5-minute 
periods by rotations of about a half hour. This 
crystal has oscillated continually for several 
years. 

The subsequent studies of Marrisson, 
Straubel, Koga, and Bechmann (thanks to the 
advanced study of the elastic properties of 
quartz in the light of Voigt’s equations) led to the 
discovery of angles for cutting the crystalline 
sheets in which the temperature coefficient of 
the rate of wave propagation parallel to the 
external faces of the specimen under considera- 
tion, is very small and may become non- 
existent. Further, angles of cutting may be 
found in which the deformation in the direction 
of the propagation is not accompanied by 
deformation in the perpendicular direction. 
In this case, the principal movement of the 
sheet is isolated and is no longer coupled to a 
secondary movement whose period and tempera- 
ture coefficient fall between the period and the 
coefficient of the whole. 

As a consequence of these studies, we now 
know how to grind crystalline sheets whose 
period is practically independent of temperature 
and which may be employed without thermo- 
static ovens. 


Different Applications of Piezoelectricity 


MEASUREMENT OF PRESSURE 


In the measurement of pressure with the aid 
of crystals, no use is made of the phenomenon 
of elastic resonance at high frequency. 

By means of an electrometer tube, followed 
by an amplifier and an oscillograph, the suc- - 
cession in the time of electrical polarizations 
produced in the crystal by external pressure is 
registered. Apparatus of this type makcs 
possible the study of widely differing pheno- 
mena. The order of magnitude of the forces 
which may thus be measured and registered 
varies between 1 gramme and 30 tons. 

Applications of these manometers have been 
made by André Langevin in the study of hydro- 
dynamical and physiological mechanical phe- 
nomena. With these manometers he has been 
able to obtain accurate records of discontinuous 
phenomena which are produced in water pipes. 
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The records show the exact physical nature of 
the phenomena, indicate the theory of the 
formation of discontinuities, and help to explain 
the laws of the united motion of the liquid 
column which fills the pipe and which is 
provoked by these discontinuities of pressure. 

A manometer of a similar type makes possible 
the study of the very slight pressure on the 
veins and arteries which the circulation of the 
blood produces in the human organism. 

A variant of this apparatus permits the 
recording of the strain produced by railway 
carriages on the rails. The same method is 
applied to the study of the vibration of bridges 
and other metallic structures. 

Finally, by means of these manometers, it has 
been possible to measure the explosive pressure 
in the cylinders of combustion motors and in 
guns. 


Electric Filter Crystals 


If the use of quartz in radio transmitters, by 
assuring the stability of the carrier wave of 
each station, permits the frequencies of different 
stations in the same country to be placed more 
closely together, it is at the same time necessary 
to make the receivers very selective. 

The ideal selectivity characteristic of a re- 
ceiver should allow the free transmission of all 
frequencies, without amplitude distortion, 
within the selected band and completely 
suppress all other frequencies falling outside 
the desired range. For the most efficient use of 
the frequency spectrum, the abrupt frequency 
discrimination between the passed frequency 
range and the attenuated frequency range must 
be realized in the narrowest possible frequency 
space. 

Even the employment of the most improved 
types of coils and condensers in the construction 
of such sharp cut-off selecting circuits leaves 
much to be desired. W. P. Mason has shown 
that it is possible to quite closely approach the 
ideal by the use of crystal elements in resonant 
type, selecting networks that have small per- 
centage band widths and which attenuate in 
small percentage separation ranges. 

Here also success is due to the extremely low 
damping rate of the mechanical oscillations of 
the solid. The piezoelectric properties of 
quartz make it possible for damper circuits to 


benefit in certain domains of frequency from 
the properties of mechanical resonators with 
which they are coupled. 


Application to Acoustics 

Quartz, little capable of deformation but very 
sensitive to pressure, is specially well adapted to 
the reception of sound waves transmitted by 
water. Itis thus that piezoelectric microphones 
have been constructed to listen to underwater 
sounds (noises of ships, propellors, and sub- 
merged submarines). 

For uses of this kind,when very slight damping 
of the elastic solid is not necessary, and the 
piezoelectrical effect needs only to be a qualita- 
tive translation of external pressure, it is possible 
to replace the fairly weighty quartz by Rochelle 
salt, double tartrate of sodium, and potassium, 
which is more economical and, besides, more 
sensitive, since its piezoelectric modulus is 
greater. 

Minute fragments of Rochelle salt, properly 
cut, constitute very good, light pick-ups for 
gramophone records. 

Finally, the converse piezoelectrical effect 
enables the construction of telephones with a 
membrane worked by a piezoelectric motor and 
of loudspeakers better fitted than the electro- 
magnetic loudspeakers to the reproduction of 
very high frequencies (“Tweeters”). 

In these last applications we see that in high 
frequency and other applications piezoelectric 
phenomena tend to be substituted for the ferro- 
magnetic property as an intermediary between 
the two forms of energy—the electrical and the 
mechanical. 


Conclusion 

Too much emphasis cannot be placed on the 
extreme importance of the discovery of the 
piezoelectric properties of quartz from the view- 
point of electrical high frequency technique. 
As in the case of ferromagnetism, known of old, 
this discovery yielded additional facilities for 
the conversion of mechanical to electrical energy, 
and vice versa. 

In iron and steel, magnetic polarization may 
be localized either permanently, as in the case 
of magnets, or intermittently, as in the case of 
soft iron. To obtain good results in the trans- 
formation of energy, the displacement between 


ELECTRICAL COMMUNICATION 


327 


the magnetic and the electrical conductive 
systems must be relatively slow. In the case of 
ferromagnetism, the elasticity of matter is not 
relevant, and the frequencies involved are 
relatively low and the energy great. Ina crystal, 
however, the average dielectric polarization is 
always zero, and molecular displacement is im- 
posed on the mass by an external force which 
disturbs equilibrium and gives rise to dielectric 
polarization, which is a direct consequence of 
the force and which vanishes simultaneously 
with that force. 

In reality, a molecular electromagnetic phe- 
nomenon analogous to piezoelectricity exists in 
iron, i.e., the magnetostriction or molecular 
deformation of iron when magnetized under the 
influence of an external magnetic field. When 
desiring to apply this property to high frequency 
phenomena, one perceives that the loss through 
Foucault currents or through magnetic hysteresis 
is considerable and that the resulting exchange 
of energy is small. Quartz, on the contrary, is 
well adapted to high frequency work. Its losses 
due to dielectric hysteresis are negligible, its 


electric conductivity is strictly zero, and its 
internal molecular friction is very slight. Ac- 
tually, the damping of crystalline resonators is 
due for the most part to the friction of the 
quartz against its supports. 

If this friction be diminished by suspending 
the specimen from its nodal points and if the 
air-damping be suppressed by placing an oscil- 
lator in a vacuum, decrements lower than 10° 
are obtained. This means that in a sheet of 
say, 5 centimeters length, a flat isolated wave, 
propagating itself parallel to the faces, traverses 
100 kilometers by undergoing two million suc- 
cessive reflections before its amplitude is dimin- 
ished in the ratio of e to 1. 

Quartz, more useful than the diamond, which 
for man has always been a symbol of perfection 
in matter, is one of the most valuable substances 
with which nature has endowed us. Purely 
scientific and disinterested research was at first 
necessary for the discovery of its piezoelectric 
properties. Born of the pure genius of Curie, 
this new knowledge was soon revealed to be rich 
in unsuspected uses. 


Budapest Automatic Telephone Network Reaches 


Stage of Six-Digit Dialling 


By DEZSO VEGHELY, 


Chief Technical Director of the Royal Hungarian Postal Administration 


NOTEWORTHY event took place on 
June 27th, 1936, when the six-digit 
dialling system was introduced in the 
Budapest automatic telephone network. The 
transition from five- to six-digit dialling was an 
important stepping stone towards an unprc- 
cedentedly rapid development of telephony in 
Budapest, and prompts a review of the stages 
passed in the growth of the Budapest telephone 
system from the cut-over of the first automatic 
telephone exchange at that date. 

The first section of the Budapest automatic 
telephone system was cut over on April 28th, 
1928. When automatic service was introduced, 
the former manual network had, of course, to 
be decentralised. The traffic that previously 
was handled with three manual exchanges was 
in course of the process of automatization 
distributed over seven automatic exchanges. 
The advantages of automatic service soon 
became an incentive to large portions of the 
public, which had kept away from the telephone, 
to join the fold of telephone subscribers. Soon 
after the cut-over of the first exchange a rapid 
increase occurred in the number of subscribers, 
principally during the years 1928 to 1930, when 


the glamour of the novelty still continued to 


attract. The rapid increase is clearly indicated 
by the steep, ascending curve of Fig. 1. More- 
over, it was due mainly to the automatic service 
that, in the years 1931 and 1932 when business 
dropped to an alarming level, few subscriptions 
only were lost. In 1933, the situation again 
changed for the better. 

This change in the trend of development in 
effect was an admonition to the Post Office that, 
sooner or later, transition from five- to six- 
digit dialling might become necessary. The 
idea of introducing six-digit dialling was 
suggested also by the circumstance that there 
was no proportion in the growth of the number 
of subscribers in the sections allotted to each 
automatic exchange. While certain parts of 
the city developed rapidly, there was a standstill 
or even a retrograde tendency in others. Thus 
the mountainous region on the right bank of 
the Danube, called Buda, grew faster than other 
regions of Budapest. The number of telephone 
subscribers in that region increased from 3,000 
in 1928 to 15,000 in 1933, a development 
unforeseen when the automatic network was 
planned. Consequently, certain number groups 
of the exchanges in this region soon became 
saturated. 
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Another reminder that five-digit dialling 
would not suffice any longer was the rapid 
growth of party-line subscribers. Party-lines 
soon became very popular with the Budapest 
public, primarily on account of the individual 
calling numbers and message registers at the 
exchange, and the secrecy of service, the out- 
standing features of the Budapest party-line 
system. As a result, party-lines have increased 
much to the disadvantage of main station lines. 

Owing to the adoption of the individual 
calling number feature, a two-party party-line 
reduced the capacity of the exchange by an 
amount corresponding to two normal sub- 
scribers’ stations. On the other hand, from the 
point of view of traffic, a party-line subscriber 
does not represent the traffic value computed for 
a single line at the time when the exchanges were 
planned. As a matter of fact, the traffic ratio of 
a party-line subscriber is about one half of that of 
a normal line. Consequently, it was at first 
considered that a party-line should take a single 
location only on the final and the first line finder 
arcs instead of the two as at present. In this 
case, party-line subscribers might be connected 
to vacant locations of the present exchange 
equipments at a comparatively low cost. This 
object, however, may be best obtained by the 
adoption of the six-digit dialling system. 
According to the 200-unit final switch system 
of the original 7-A Rotary System, the final 
capacity of the Budapest area is 200 x 10 x 
10 x 10 = 200,000 when the Ist, 2nd, 3rd 
and final selecting stages are fully exploited. 
This means that, by adopting the six-digit 
dialling system, only the numbers ranging from 
100,000 to 299,999 may be used instead of a 
full million, which six-digit dialling would at 
first glance suggest. Consequently, 3 and 4 as 
first digits may be used for indicating the 
second party to a two-party party-line. As 
shown in Table I, the first group selector is 
selected by digits 1 and 2. Accordingly, 
digits 152819 and 352819 may be paired in a 
way such that the register transforms both 
numbers to the same effect, with respect to the 
first group selector, by simultaneously marking 
by means of relays whether the first digit was a 
lora3. At final selection, when a 3 has been 
dialled, the trip spindle makes a complete 
additional turn, whereby a relay is energised in 


the final selector circuit and legs ‘‘a”—‘tb” 
are reversed, ringing thus taking place over leg 
“a” instead of leg “b.” This is the well-known 
method of ringing the second station of a two- 
party party-line system. Further, the same 
point of the arc of the final selector corresponds 
to both stations marked by two numbers 
differing only in the first digit. 
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Fig. 1—Increase in Subscribers. 


Similarly, numbers of the 200,000 field may 
be paired with numbers of the 400,000 field. 
Thus the numbers of the 300,000 and 400,000 
fields are reserved exclusively for the second 
stations of two-party party-lines, and separate 
final and group selectors may be dispensed with. 
As the 300,000 and 400,000 fields are reserved 
for the second stations of two-party party-lines, 
it follows that these fields will be exploited only 
to the extent required for party-line purposes. 
Accordingly, an adequate number of final and 
selector circuit groups will require modification 
for the purpose of partial exploitation of the 
300,000 and 400,000 fields. 

The digits dialled by a calling subscriber are 
registered by the registers of the automatic 
exchange in order that they may control the 
selectors in due course. Therefore, to carry 
through the change from the five- to the 
six-digit dialling system, the register circuits 
had to be modified first. Of the sixteen 
exchanges of the Budapest automatic telephone 
area, only eight are provided with registers; the 
other eight, being satellites, use the registers of 
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their respective main exchanges. There are 
altogether 1,442 register circuits in the eight 
main exchanges. The cut-over had to take 


TABLE I 
Digits 
Selection 

At 5 digit selection | At 6 digit selection 
ist Gr. Select. First First and Second 
and ,, M Second Third 
3rd ,, 3 Third Fourth 
Final Fourth and Fifth Fifth and Sixth 


place simultaneously at all exchanges, and, as a 
matter of course, at a time of minimum trafiic. 
The time selected was midnight, June 27, 1936, 
a Saturday, followed by Sunday, the 28th, and 
Monday, the 29th, a holiday. This choice was 
made in order that the modification of all 
registers might be completed in due course for 
handling increased traffic requirements on the 
following working-day, June 30th. Preparatory 
work had started several months previously. 

The following is a brief sketch of the pro- 
gramme as laid down at the beginning of the 
work. Two stages may be distinguished in the 
complete process : 

(a) The preparatory stage, comprising the 
insertion of four new relays in each 
register circuit, the change-over of two 
relays (change of contact) and the con- 
nection of additional wires of the registers ; 

(b) The cut-over stage involving the cutting 
of 30,000 wires on the terminal strips and 
the connecting of 62,000 wires in the 
total network. 

While this work was in progress, the circuits 
were placed out of service by means of the 
busy jacks. 

Since the performance of the operations 
necessitated by (b) for each register circuit 
consumed the comparatively long period of 
about an hour, a few of the 1,442 registers were 
modified before the actual cut-over had taken 
place. For such registers the cut-over proper 


consisted merely in extracting the plug from the 
busy jack. 

Inasmuch as the time available for the cut- 
over of the still unmodified registers was short, 
the terminal strip wires and the terminals 
ready for cut-over of this portion of the registers 
were connected to auxiliary jacks. The latter 
were used for the change-over to six-digit 
dialling, which took a very short time only and 
which was made by extracting and/or inserting 
a short circuiting brass plug. This secondary 
preparation was preceded by a long installation 
period. This installation work, however, was 
necessary in order to have available an adequate 
number of registers at the time of actual cut- 
over. All such temporary apparatus installed 
for the occasion was gradually dismounted and 
the final modification of the registers completed. 
The rest of the register circuits, forming a 
third and additional group, were at the time of 
cut-over placed out of service by inserting plugs 
into the busy jacks, the plugs remaining there 
until the operations of stage (b) were fully 
carried through. 

Handling of the cross connecting arrange- 
ments was adequately provided for by : 

(1) A staff of trained help, 

(2) Formers used as auxiliary tools, 

(3) Systematic routine tests, 

(4) Constant supervision of the work by a 

staff of engineers. 

Preparatory arrangements made it possible 
that, from the first day of normal traffic, all 
register circuits were serviceable and capable of 
handling a traffic larger even than the normal. 
The great increase of traffic on the first days of 
the new system was mainly due to the 
momentary forgetfulness of subscribers, who 
instinctively dialled five digits instead of six. 
Calls of such subscribers were attended to 
partly by plugging them into the line jack of 
the registers and partly by routing them to a 
special board by means of the so-called wrong 
number feature. During the first few days of 
the new system there was a daily average of 
twenty to twenty-five thousand wrong number 
calls. 


The Cunard White Star R.M.S. “ Queen Mary ” 


Radio Installation 


By Commander F. G. LORING, 0O.B.E., M.1.E.E., 
W. L. McPHERSON, B.Sc. (Eng.), A.M.IE.E., and 
W. H. McALLISTER 


Eprror’s Note: The following has been extracted from a Paper, “A Survey of Marine Radio 
Progress, with Special Reference to R.M.S. ‘Queen Mary, ”? presented on 3rd March, 1937, before 
The Institution of Electrical Engineers, London. It forms a technical supplement to the general descrip- 
tion of “The Radio Installation on the Cunard White Star, R.M.S. ‘Queen Mary,” published in 
“ Electrical Communication ” of July, 1936. In extracting from the original I.E.E. Paper, the sequence 
of subjects and the reference numbers of the illustrations have been changed to conform with the more 
restricted scope of the present article as compared with the ILE.E. Paper. 


The radio equipment of the “Queen Mary” was almost entirely manufactured by companies in 
the International System, and was supplied and installed and is operated by the International Marine 
Radio Company, Limited, under contractual agreement with the Cunard White Star Limited. 


Principal Requirements 


HE two primary considerations in decid- 
ing on the equipment to be fitted in a 
large passenger vessel are, firstly, naviga- 
tion and safety of the ship, and secondly, the 
public radio-telegraph and -telephone service. 
While the first is still the most important func- 
tion of the radio station on board, it presents no 
real problem and can be amply catered for by 
quite orthodox and standardized arrangements. 

The second consideration, that of the public 
radio service, becomes of greater importance as 
the size of the ship and the passenger accom- 
modation increases, and, in the largest trans- 
atlantic vessels, is the real deciding factor as 
to the equipment which is to be supplied to the 
ship. The volume of radio traffic handled is 
considerable, and it is of great importance that 
it be cleared with the minimum of delay. 

For the R.M.S. Queen Mary it was calculated 
that four transmitting channels and four receiv- 
ing channels would be required—two on the 
short waveband for simultaneous eastbound 
and westbound communication, one on the 
medium waveband and one on the long wave- 
band, Automatic transmission and reception at 
moderately high speeds on at least two or three 
channels was also considered necessary. 

The above remarks apply primarily to tele- 
graph traffic. In order to provide for the 


radiotelephone service the conclusion was 
reached that simultaneous communication with 
both London and New York would certainly 
be required at times and that the most efficient 
and economical arrangement would be to in- 
corporate radiotelephony in both short-wave 
transmitters rather than to install separate 
equipment. 

Having determined the number of operating 
channels required, the next question to be 
settled was how to obtain them. The chief 
problem was the provision of multiplex working, 
which, in the confined space of a ship, presented 
no little difficulty. Not only was operation on 
four different wavebands required without 
mutual interference, but duplex working in 
each of these wavebands was also aimed at, up 
to the limits of practical working range of the 
transmitters. 

-Based upon previous experience it was clear 
that the primary requirements for efficient 
multiplexing were, firstly, separation of the 
transmitters and receivers with their associated 
aerials by as large a distance as possible; 
secondly, the provision of receivers having con- 
siderable selectivity and ability to withstand 
high voltages picked up by their aerials from 
the local transmitters; thirdly, the provision 
of transmitters as free as possible from harmonic 
radiation. A number of other relatively minor 
difficulties, such as interference between adjacent 
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operating positions due to key-clicks, and 
receiver inter-action, “stay noises,” etc., also 
had to be overcome. 

Some separation of the transmitters and 
receivers was not a difficult matter to achieve 
in so large a ship, and suitable sites for the 
transmitting and receiving stations 400 feet 
apart were obtained. 


and have to carry the whole of the telegraph 
load at times when the short-wave channels 
are both occupied for telephony, or when short- 
wave communication is poor, it was considered 
necessary to provide the highest power practic- 
able. A power of 3 kW in the aerial circuit was 
finally decided upon, the limiting factors being 
space available for installation and the maximum 


DOCKING 
BRIDGE 


TRANSMITTING ROON 


POWER Room 


(A) Long-wave Transmitting Aerial. 

(B) Medium-wave Transmitting Aerial. 

(C) Short-wave Transmitting Aerial (No. 1). 
(D) Short-wave Transmitting Aerial (No. 2). 


One of the most important features in the 
rapid handling of traffic is the ability to change 
wavelength quickly. This especially applies to 
the short wavebands when combined telegraph/ 
telephone equipments are used, since special 
wavelengths are allocated to each of these ser- 
vices, and in order not to delay either service it 
is necessary to be able to change from the one 
to the other very quickly. Consequently it was 
decided to provide complete remote control 
not only for keying and power but also for 
rapid selection of any one of a number of pre- 
selected wavelengths. 

The power and frequency ranges of the 
transmitters remained to be decided. For the 
medium and long wavebands the factor limiting 
good communication is as a rule the signal/ 
noise ratio. Since these frequency bands are 
part of the main communications of the ship, 


Fig. 1—Outline of R.M.S. “Queen Mc 


(E) Emergency and Long-wave Receiving Aerial. 
(F) 13-Mc Double Doublet. 
(G) 17-Mc Doublet, 


voltage permissible on the aerials. The trans- 
mitting aerial constants were of considerable 
importance in this connection, since any brush 
discharge would give rise to damped waves 
which would shock-excite the receiving aerials 
and prohibit multiplexing. 

For short-wave communication, conditions 
are somewhat different. While the limiting 
factor, especially for telephony, is again the 
signal/noise ratio, experience has shown that the 
borderline cases are not the general rule; 
that is to say, for any particular frequency, con- 
ditions are generally either good or bad with 
the average powers in use. When conditions 
become bad it is better to change frequency 
rather than to increase power. Experience 
gained in the Aquitania and Berengaria showed 
that, with the aerial powers in use in those 
ships, well over 90 per cent. of radiophone calls 
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could be satisfactorily completed. Increasing 
the power by 10 times, giving an increase in 
signal/noise ratio of some 10 db, would have 
added about another 5 per cent. to the total—a 
desirable feature, but scarcely worth the cor- 
responding disadvantages of extra space and 
power supply required, greater difficulty of 
control, higher “‘stay noises,” and higher initial 


to be avoided by suitably arranging the planes 
of the aerials, providing shielded feeders, etc. 


LOCATION OF EQUIPMENT 


The communication equipment of the Queen 
Mary is housed in three separate places on the 
ship, viz: 

(a) The power room, situated near the 


RECEWING ROOM 


Showing Position of Radio Plant and Aerials. 


(H) 8-Mc Double Doublet. 
4-Mc Dipole. 
(K) Medium-wave Receiving Aerial. 


(J) 


(L) Broadcast Receiving Aerial. | 
(M) Direction Finder Sense Aerial. 
(N) Direction Finder. 


and maintenance costs. On the other hand, it 
was estimated that by providing suitable 
directional aerials an effective increase in signal/ 
noise ratio of between 5 and 10 db could be 
anticipated, equivalent to an increase in power 
of some 3 to 10 times. This was confirmed by 
preliminary experiments carried out in the 
Berengaria, when even greater increases in 
signal/noise ratio were reported. It was con- 
sequently decided to use an aerial power of 
approximately 400 watts, and to concentrate 
on providing the most efficient aerial system 
possible. 

A similar argument holds good for the receiv- 
ing aerials, and experiments were carried out 
with different types of these in order to obtain 
the maximum signal/noise ratio. In this case, 
besides providing as much directivity as pos- 
sible, interference from ship’s machinery had 


engine room of the ship, containing the two 
45-kVA motor-alternators for supplying all 
power to the transmitting and operating rooms. 

(b) The transmitting room on the sun deck, 
containing the four main transmitters and the 
power control and distribution board. 

(c) The operating room, also on the sun deck, 
about 400 feet away from the transmitting 
room, containing all receivers, telephone 
terminal equipments, remote-control apparatus, 
transmitting keys, high-speed transmitting and 
receiving apparatus, and a complete emergency 
station. 

Fig. 1 shows an outline of the ship, giving 
the respective positions of these rooms and of 
the aerial system. 


TRANSMITTING ROOM 
This is situated at the after end of the sun 
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Fig. 2—Transmitting Room of R.M.S. “Queen Mary.” 


deck, just forward of the mainmast, and 
measures some 30ft. by 14ft. by 9 ft. in 
height; the layout is shown in Fig. 2. The 
equipment in this room weighs about 11 tons 
and comprises : 

(a) A Power Control and Distribution Board.— 
This board, which is of steel throughout and 
measures approximately 7 ft. by 5 ft. by 2 ft. 
6in. deep, carries duplicated stop-start motor 
and alternator control arrangements for the 
two main motor-alternators (which are seven 
decks below), together with the necessary pilot 
lamps, voltmeters, ammeters, frequency meter, 
and an automatic voltage regulator which keeps 
the 3-phase a.c. supply at a constant voltage 
irrespective of the load or temperature con- 
ditions. The board also carries the control 
for the modulating motor-alternator used with 
the medium-wave transmitter. The 50-cycle 
3-phase a.c. supply is distributed to 6 output 
circuits, each having its own switch and pilot 
lamp—one to each of the four transmitters, one 
to the receiving room, and a spare. 

(b) A Medium-wave Telegraph Transmitter [de- 
scribed hereinafter].—This transmitter utilizes 
five spot frequencies. The transmitter works 
into a 700-upF “T” type aerial giving an aerial 
current of about 21 to 25 amperes on full power, 
according to wavelength. 


A 2-kW motor-alternator used for modulat- 
ing is mounted beside the transmitter. 

The transmitter is mounted on a special 
shock-absorbing base comprising two heavy 
channel-iron plinths, one floating elastically on 
top of the other and allowing universal motion 
of the transmitter, to protect the valves and 
control relays against any vibration which might 
exist. 


(c) A Long-wave Telegraph Transmitter closely 
resembling the medium-wave transmitter but 
restricted to C.W. operation, M.C.W. not 
being permitted on these wavelengths. It 
utilizes 7 out of the 10 available spot frequencies 
and works into an “L” type aerial having a 
capacitance of 2,000 uF, giving an aerial cur- 
rent of about 25 amperes at full power. 


(d) Two Telegraph/Telephone Short-wave 
Transmitters [of the type described hereinafter]. 
—These transmitters furnish the two short- 
wave links of the vessel, one being used normally 
for communication to Great Britain and the 
other to the United States. Each has 10 
crystal-controlled frequencies between the limits 
of 3 and 17 megacycles (17 to 100 m.), the fre- 
quencies of course being selected so that no 
mutual interference exists and so that neither 
the transmitted frequencies nor their harmonics 
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are likely to interfere with reception in the 
operating room. 

These two transmitters stand upon shock 
absorbers similar to those used for the medium- 
and long-wave transmitters. 

(e) Auxiliary Control Panel—An auxiliary 
control panel is provided at a small desk near 
the door to the transmitting room. This panel 
carries switching arrangements allowing of local 
keying of any of the four transmitters, monitor- 
ing any of the receivers in the operating room, 
and for putting any of the operating room 
remote-control arrangements completely out of 
circuit if 1equired, when overhauling the 
transmitter concerned. 


OPERATING ROOM 


General Arrangement 

The operating room forms the central con- 
trol point of the entire station, all incoming and 
outgoing telegraph and telephone traffic being 
handled here. 

Extensive precautions have been taken against 


interference from the ship’s electrical machinery. 


In addition to the shielding of the receivers 
themselves, the operating room is lined with 
copper sheet forming as nearly as possible a 


closed tank, earthed at one point only to the 
upper deck. All electrical wiring inside the 
room is shielded, the shielding being bonded to 
the copper lining of the room. Every wire 
entering the room, including lighting, power, 
telephone, and control lines to the transmitting 
room, terminates at one or other of several 
shielded junction boxes, situated in a small 
compartment immediately external to the cop- 
per lining, the main object of this being to 
ensure that noise brought in by wiring can be 
rapidly located and the offending lines suitably 
filtered. All lines from the junction boxes to 
other parts of the ship are also shielded, the 
shielding being earthed. 

As a further precaution against noise, the 
ship’s d.c. mains arc normally cxcluded alto- 
gether from the operating room, and all power 
for lighting this room, operating the receivers 
and high-speed apparatus, and battery-charging, 
is derived from the 3-phase a.c. supply pro- 
vided by the motor-alternator through a 7-kVA 
3-phase transformer situated in the same com- 
partment as the junction boxes mentioned above. 
The primary of this transformer is mesh-con- 
nected and the secondary star-connected, with 
earthed copper shields between the primary and 
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Fig. 3—Simplified Circuit Diagram of Short-wave Transmitter, R.M.S. “Queen Mary.” 
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Fig. 4—Radio Frequency Cabinet of 
Short-wave Transmitter, R.M.S. “Queen 
Mary.” 


(1) Output Stage. 

(2) Output Valve Compartment. 
(3) Modulated Amplifier Stage. 
(4) Second Buffer Stage. 

(5) First Buffer Stage. 

(6) Oscillator Stage. 


secondary. The star point of the secondary is 
also earthed, the three outlets giving separate 
single-phase supplies used for (a) lighting, (b) 
power supply to receivers, terminal equipment 
and high-speed equipment, and (c) battery- 
charging. The transformer design precludes 
the possibility of any noise due to the motor- 
alternator itself reaching the receivers. A change- 
over switch external to the room allows the 
lighting system to be transferred to the ship’s 
mains if required, while a second change-over 
switch allows of an alternative source of a.c. 
supply for the receivers from a small motor- 
alternator used for other services on the ship. 

Further precautions against noise interference 
include the fitting of noise suppressors to the 
four passenger lift motors just outside the 
receiving room, and to some 200 fan motors 
ranging up to 10 h.p. on the upper decks, 


together with the running in earthed conduit 
of all cables on the upper decks within 200 feet. 
of the receiving aerials. 


Operating Positions 


The four operating positions are situated at 
a single bench about 20 feet long and provided 
with a typewriter well at each position. All 
telegraphic reception at low speeds (up to 40 
words per minute) is carried out aurally, the 
message being typed out on the appropriate 
form by the operator. At the side of each 
typewriter well is a morse key for hand 
transmission. 

All receivers, control units, telephone ter- 
minal control equipment, and operators’ key 
panels, are of the rack-mounting type and are 
mounted in a set of steel cabinets each measur- 
ing 3ft. 4in. high by 22in. wide by 12 in. 
deep, standing at the back of the operating 
table and facing the operators. Ten such 
cabinets in all are provided, two to each operat- 
ing position, plus an extra cabinet between 
positions 1 and 2 (the short-wave telegraph/ 
telephone positions) and another between posi- 
tions 3 and 4 (the medium- and long-wave 
telegraph positions), these additional cabinets 
containing apparatus common to the positions 
on either side. The 10 cabinets are bolted 
together side by side, and are supported by 
special shock-absorbers to guard the com- 
ponents against vibration. Doors at the back 
of each cabinet give access for changing valves, 
etc. The special construction of the panels, 
known as the “depressed panel system,” allows. 
of any repairs being readily carried out after 
removing the front panels of the cabinets, which 
are simply cover-plates for the wiring. 

Positions Nos. 1 and 2 are identical, each 
containing a short-wave telegraph/telephone 
receiver (described hereinafter), the remote 
control unit for one of the short-wave trans- 
mitters, the telephone terminal equipment for 
one link, and other units as mentioned above. 
A medium long-wave telegraph receiver is. 
mounted between these two positions, in case 
either position is required as an additional 
long-wave telegraph channel. This equipment. 
provides all that is necessary for normal tele-. 
graph and telephone communication. Between 
the two positions is the additional telephone: 
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(1) Rectifier main fuse panel. 
(2) Rectifier power-control contactor panel. 


(3) Rectifier valve-filament ammeters. (15) Master-oscillator 


00 OOO OOO 00 
Fig. 5—Front View of Medium-wave Transmitter, R.M.S. “Queen Mary” (Cover Panels Removed). 


(i14) Master oscillator and power-amplifier 
filament centre-pointing resistances. 


OOD 


(26) Aerial tuning-coil wave-change switch, 
(27) Wave-change repeater dial. 


valve. (28) Aerial tuning coil. 


(4) Rectifier valves. 

(5) Thermostatic air control. 

(8) Rectifier meter panel containing anode 
ammeters and H.T. voltmeter. 

(7) H.T. indicating lamp. 

(8) Rectifier main. terminal strip. 


(16) Power amplifier auto bias resistances. 

{17) Aerial coupling coil. 

(18) Master-oscillator variometer. 

(19) Master-oscillator coil box containing 
variometer and Selsyn motor. 

(20) Amplifier closed-circuit coil. 

(21) Master oscillator wave-change switch. 


(29) Aerial loading coil (when required). 

(30) Aerial lead-out insulator. 

(29) Aerial loading coil (when required). 
(30) Aerial lead-out insulator. 

(31) Aerial and closed-circuit ammeters. 
(32) Amplifier valves. 

(33) Valve unit meter panel containing 


(3 Main contactor. (22) Entry for 


(10) Power-control panel strip connectors. handle 
(11) Power amplifier quarter - power re- po $ 
(23) Amplifier 

sislances. switch. 


(12) Valve unit, main terminal strip. 
(18) Air supply. 


emergency wave-change 
closed-circuit 


(24) Aerial coupling-coil wave-change switch, 
(25) Wave-change dial. 


master-oscillator and amplifier plate 
meters and amplifier grid meter. 
(34) Local control panel. 
(35) Coil unit, main terminal strip. 
(36) Aerial tuning variometer. 
(37) Amplifier closed-circuit variometer. 


wave-change 


terminal equipment allowing either telephone 
circuit to be put on a “full singing suppressor” 
basis should communication conditions demand 
it, the normal condition being only “half singing 
suppressor.” A spare short-wave receiver is 
also mounted at each of these positions; this 
is constantly in circuit and is available for im- 
mediate use in the event of a valve or other 
failure in either receiver. 

The two privacy equipments, additional 
singing-suppressor equipment including a delay 
network, together with their associated power 
supply rectifiers, are mounted in telephone-type 
racks bolted to the bulkhead behind the 
receivers. These are entirely controlled from 
the two short-wave operating positions and can 
be cut in or out of circuit as required. 


The two short-wave positions, for telephony, 
normally connect through 2-wire extensions to 
the ship’s telephone switchboard which con- 
nects to the 500 cabin staterooms equipped with 
telephones and to 2-wire phone booths in 
various parts of the ship, as well as to the 
ship’s official services. In addition, a number 
of 4-wire extensions are taken to certain of the 
principal staterooms, through a special 2-wire 
to 4-wire sub-switchboard at the ship’s ex- 
change, to allow of 4-wire working when 
desirable. In the case of these staterooms, 
when 4-wire communication is necessary the 
operator at the ship’s exchange disconnects the 
subscriber from the 2-wire central exchange 
and connects him direct to the radio terminal 
equipment on a 4-wire basis. A 4-wire tele- 
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phone is also provided in a telephone booth 
near the radio accepting office and is connected 
directly to the terminal equipment. 

Operating positions Nos. 3 and 4 are some- 
what simpler, handling only telegraph com- 
munication. The general arrangement is some- 
what similar to that of positions 1 and 2, 
except that the transmitter remote controls are 
situated in the cabinet between the two posi- 
tions. ‘This allows an operator at either position 
to control either the medium-wave or long- 
wave transmitters. Each of these positions 
carries a medium-wave receiver (500-3,000 m) 
and a long-wave receiver (1,800-20,000 m). In 
addition, a spare receiver is carried between 
positions 3 and 4, for use in the event of break- 
down of one of the other receivers. 


High-speed Position 


Two high-speed tape transmitting keys, 
together with their associated perforators and a 
morse undulator, are mounted on a separate 
table in the operating room. The driving motors 
of all high-speed apparatus are of the inductor 
type to avoid commutator noise. Each of the 
high-speed keys can be connected to operate 
any one of the four radio transmitters, and can 
be controlled either locally or from the operating 
positions. 

Satisfactory transmission and reception of 
messages at speeds of up to 80 words per 
minute have been carried out with the above 
apparatus. 


Supervisory Position 


The supervisor sits at a desk overlooking the 
rest of the operating positions, his duties being 
to route accepted telegrams to the proper 
operating position for transmission, to monitor 
any of the circuits if required, to keep an 
additional loud-speaker listening watch on the 
600 m wave and on three other circuits, and to 
perform various circuit-switching duties. 

Special provision is made to give the super- 
visor direct telephone communication with the 
navigating bridge and with the transmitter 
room. 


Emergency Position 


The emergency position resembles the nor- 
mal equipment of an ordinary cargo ship and 


comprises (1) an I.C.W. transmitter having 
three “spot? wave-lengths of 600, 705, and 
800 m, and delivering some 4 amperes to the 
emergency aerial, and (2) a 5-valve receiver 
covering a waveband of 110-2,000 m. The 
transmitter is operated through a motor- 
alternator from a 120-volt emergency battery 
which also provides H.T. for the receiver. 
The receiver filaments are supplied from a 
24-volt battery, which can also be used in the 
very last resort to operate the transmitting 
motor-alternator, which is double-wound for 
120 and 24 volts input. The batteries are 
charged. from the a.c. supply through a dry 
rectifier. 


POWER ROOM 


The power plant is situated in a small fire- 
proof compartment adjacent to the ship’s 
engine room, and is in duplicate. It comprises 
two 45-kVA, 220-volt, 50-cycle, 3-phase a.c. 
motor-alternators, driven off the ship’s 220- 
volt d.c. mains, with automatic starters remote- 
controlled from the power board in the trans- 
mitting room. 

The a.c. supply here generated feeds not 
only the transmitters, but also all the receivers 
and terminating equipment; it furnishes in 
addition the normal lighting supply for the 
operating room, and battery-charging supply 
for the emergency equipment. 


AERIAL SYSTEM 


In designing the aerial system, the principal 
points borne in mind were that (a) both the 
transmitting and receiving aerials should have 
the maximum possible efficiency, and (b) the 
transmitters should interfere as little as pos- 
sible with reception. These conflicting require- 
ments are difficult to reconcile on a small ship, 
but fortunately the great size of the Queen 
Mary, allowing of comparatively wide separation 
between the transmitting and receiving points, 
materially assisted matters. 

Fig. 1 illustrates the general aerial arrange- 
ment finally adopted. It will be seen that, with 
the exception of the long-wave aerial, the 
transmitting aerials are kept to the after part of 
the ship, and the receiving aerials between the 
first and second funnels, over the operating 
room. 
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The medium- and long-wave transmitting 
aerials were the easiest to arrange, the require- 
ments being that they should be as high as 
possible and should have large capacity so as 
to insure low working voltage and reduce any 
tendency to brush discharge. Accordingly, 
twin-wire aerials were provided in both cases. 
These are suspended between spars at the fore- 
mast and mainmast heads, the top spans of the 
one being shackled to those of the other through 
insulator chains. The medium-wave aerial is 
of the “T” type, with top span 150 feet long 
and a downlead 80 feet long dropped almost 
vertically to a steel “trunk” (or protective con- 
duit) leading to the transmitter room below. 
The long-wave aerial is of the inverted “L” 
type, with its down-lead at the after end leading 
to another trunk over the transmitting room. 

The two short-wave transmitting aerials are 
of the inverted “V” type, giving an appreciable 
directive effect. That for one transmitter com- 
prises two inverted V’s in parallel, the apices 
being suspended one from each end of the main- 
mast spar, the far end of each “V” being taken 
aft to the docking bridge and splayed out to 
the sides of the ship. The other aerial similarly 
consists of two wires, the apices of the “V” in 
this case being suspended one from each side 
of No. 3 funnel. A number of tests were car- 
ried out during the construction of these aerials 
to determine the best lengths and angles of 
suspension for the legs of the “V,” both by 
field-strength measurements on a launch cruis- 
ing at various distances from the ship, and by 
simultaneous measurements taken by a number 
of observation stations in different parts of the 
world during the trials, with the ship swung at 
various angles. For the first aerial mentioned 
above, the following gains relative to a half- 
wave vertical aerial were observed in the fore- 
and-aft direction : 


Frequency Gain 
Mc db 
4 0 
8 5 
13 8 
17 6 


The major lobe of transmission was approxi- 
mately 60° wide at 17 megacycles, gradually 
widening until there was practically uniform 
coverage at 4 megacycles. It is interesting to 
note that preliminary tests, using only a single- 
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Fig. 6—End View of Medium-wave Transmitter, 
R.M.S. “Queen Mary”? (Cover Panel Removed), 
Showing Wave-change Gear. 


(1) Wave-change Motor. 

(2) Control Switches. F 

(3) Complete Assembly of Wave-change Switchgear. 
(4) Hand-control for Emergency Wave-change. 

(5) Wave-change Unit Main Terminal Strip. 
(6) Wave-change Motor Fuse. 
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wire “V”? suspended on one side of the ship, 
showed a displacement of the major lobe by 
some 20° from the fore-and-aft line of the ship ; 
this was corrected by adding the second wire. 
The other aerial has slightly less directivity, 
but is still markedly superior to a plain vertical 
aerial. 

The results shown above are in accordance 
with requirements; during the greater part of 
the voyage, when the higher frequencies are 
required, great-circle bearings between the ship 
and the shore stations in this country and the 
United States respectively are within 20° of 
the fore-and-aft line of the ship, and the 
directive effect is therefore most useful. When 
the ship is nearing land and requires the 
4-megacycle transmission, the great-circle bear- 
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ing from the ship tends to alter considerably 
and therefore non-directive transmission is 
preferable. 

Four short-wave horizontal-doublet receiving 
aerials are fitted, known as the 4-, 8-, 13-, and 
17-megacycle aerials respectively, though the 
actual frequency response of each extends con- 
siderably on either side of the nominal fre- 
quency. The 8- and 13-megacycle aerials, 
being the most used, are double-doublets to 
increase the frequency coverage. 

From each of these aerials a balanced open- 
wire transmission line runs down to the top of 
a trunk above the operating room, and thence 
through impedance-matching transformers and 
concentric transmission lines to a switching 
panel equipped with screened jacks and patch 
cords, from which in turn concentric cables run 
to the four short-wave receivers. Any aerial 
may be connected to any receiver at the switch- 
ing panel. The use of concentric transmission 
line is very advantageous in eliminating local 
interference. 

For medium- and long-wave reception two 
aerials are provided. One of these is of the 
inverted “L” pattern, suspended between the 


first and second funnels, and can be switched 
over to the emergency position in the operating 
room for use as emergency transmitting and 
receiving aerial. The other is a relatively short 
inclined aerial, and is used for reception only, 
principally for duplexing on long waves and 
for Press reception. All the medium-wave 
receivers can be connected to one of the aerials, 
while all the long-wave receivers can be con- 
nected to the other aerial, the connections being 
made through screened patch cords and jacks 
and then through a concentric transmission 
line and rejector circuit. The rejector serves 
to cut down to a safe value the high voltages 
induced by the long-wave transmitting aerial 
which runs directly above the receiving aerials, 
any residual interference being eliminated in 
the receiver preselector circuits as subsequently 
explained. 

Finally, a separate aerial is provided for the 
reception of broadcast programmes. ‘This 
aerial is quite short (60 feet in length) and runs 
from No. 1 funnel to the receiving aerial trunk, 
from whence it is fed, through impedance- 
matching transformers and a rejector unit, to 
the high-fidelity receiver mentioned below. 


m 
t> 
CREED ReLay 


CONTACTS 
Bas 


Fin CENTRE PONT 


Fig. 7—Simplified Circuit Diagram of Medium- and Long-wave Transmitters, R.M.S. “Queen Mary.” 
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Broadcast reception suffers no interference from 
the ship’s transmission on either short, medium, 
or long waves. 


SHORT WAVE TRANSMITTER (TYPE 14-B) 


In the case of the short-wave transmitter the 
factors chiefly influencing the design are the 
provision of (a) very stable carrier; (6) quick 
change from one spot wave to another; 
(c) moderate output power of approximately 
400 watts. The stable-carrier requirement is 
met by the provision of a separate quartz crystal 
for each wavelength, followed by five amplifying 
stages in order to reach the required output 
level. This involves a number of tuned cir- 
cuits, each requiring adjustment by tappings or 
otherwise for each spot wavelength. The use 
of tappings on short wavelengths is practicable 
only to a limited degree, and accordingly the 
wave-change principle embodied in this trans- 
mitter is the provision of entirely separate 
tuning units at each stage for each of the 10 
spot wavelengths, the valves being connected 
to the appropriate tuning units through switches 
operated simultaneously under the control of a 
telephone dial. Fig. 3 shows a simplified cir- 
cuit diagram of the radio-frequency stages with 
all the tuning units for one wavelength, D1, 
D2, etc., being the switches connecting the 
permanent valve circuits to the tuning units. 
The latter are of plug-in pattern, and are 
available for a waveband of 16.6-150 m (fre- 
quency 2-18.1 megacycles). 

The transmitter consists of two cabinets, each 
of dimensions approximately 24 in. wide, 30 in. 
deep and 83 in. high, mounted side by side. 
One cabinet contains the radio-frequency valves 
and circuits, while the second contains the 
audio-frequency amplifiers together with the 
rectifiers and other apparatus. Both cabinets 
are of the enclosed type with access to apparatus 
through doors. A ventilating fan is included 
in the radio-frequency cabinet. The entire 
equipment is designed to operate from a 3-phase 
50-cycle 220-volt source, and has a power 
consumption of approximately 3.5 kW at full 
load. 

As can be seen from Fig. 4, the radio- 
frequency cabinet includes a number of sub- 
units of chassis construction. Starting from 
the bottom, these are: oscillator stage, first 
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Fig. 8—-Rack-mounted Short-wave Re- 
ceiver used on R.M.S. “Queen Mary” 
(Waveband 13.5-550 m). 


(1) Combined Power Panel and Spare Coil 
Rack. 

(2) Preselector Unit. 

(3) Five-track Tuning Condenser Scale. 

(4) Receiver Unit. 

(5) Note Filter. 


buffer stage, second buffer stage, modulated 
amplifier stage, output-valve compartment, and 
output stage. Each chassis mounts a total 


of 10 plug-in tuning units, while the bottom 


chassis in addition mounts up to 10 quartz 
crystals. Adjustment of any of the tuning 
units can be performed, while the equipment 
is in operation, by means of a tool inserted 
through an aperture in the grounded front 
cover-plate of the chassis. All the chassis are 
quickly removable for examination of com- 
ponents, and are automatically disconnected at 
all terminals as they are withdrawn from the 
cabinet. 

Both the first and the second buffer stages 
may be used either as straight amplifiers or as 
frequency doublers, according to the relation 
between the crystal frequency and the required 
frequency. For telephony or M.C.W. the 
modulating voltage is applied in series with the 
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Fig. 9—Circuit Diagram of Short-wave Receiver Unit. 
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high-tension supply to the penultimate valve, 
and modulates both plate and screen-grid 
. voltages. Keying is effected at the plate of the 
oscillator, which is earthed through a key- 
controlled relay system during the spacing 
periods. When the transmitter forms part of 
a radiotelephone link circuit the carrier is, by 
means of the terminating equipment described 
later, automatically switched on while the ship 
subscriber is speaking. In this case the actual 
switching removes the earth from the plate of 
the oscillator, as during keying, but the train of 
relays involved is adjusted so as to provide a 
short “hangover” period of 150 milliseconds to 
prevent the transmitter being switched off in 
the intervals between words. 

The wave-change system employed is rela- 
tively simple. At the back of the transmitter 
is a row of 10 vertical rods, one for each wave- 
length; at the foot of the transmitter is a 
horizontal shaft equipped with 10 cams which 
are normally free on the shaft. On dialling 
the single digit number allocated to the wave- 
length or “channel,” the appropriate cam is 
locked to the horizontal shaft which then 
rotates the cam, raising the corresponding ver- 
tical rod, the latter operating a number of bell 
cranks which close switches connecting into 
circuit the crystal and all the pre-set tuning 
units for the particular wavelength required. 
The time required to change wavelength 


depends almost wholly on the dialling operation, 
and varies from about 1 to 2 seconds according 
to the digit dialled. The wave-change system is 
interlocked with the protective system to 
remove the high-tension supplies during the 
circuit change. 

The output circuits of the transmitter are 
designed to work into an impedance of 500 
ohms ; each output circuit is connected (through 
a switch forming part of the wave-change 
system) to its own aerial terminal and also to a 
common aerial terminal. Each wavelength may 
therefore have its own aerial directly connected 
to the transmitter, or alternatively the trans- 
mitter may always work into a common 500- 
ohm transmission line connected to one or more 
aerials through a separate tuning and coupling 
unit. In the latter case the coupling unit is 
equipped with the requisite number of plug-in 
type tuning circuits, together with a wavechange 
system of the same pattern as that used on the 
transmitter, and controlled simultaneously there= 
with. By means of this arrangement it is pos- 
sible to use either open-wire or tubular feeders 
to the aerials, and to use the same aerial on 
more than one wavelength. 

The power supply required for the transmit- 
ter circuits is derived from the second or rectifier 
cabinet. All filaments are heated by alternating 
current, while three hot-cathode mercury- 
vapour rectifiers—two of the 3-phase half-wave 


ELECTRICAL COMMUNICATION 


343 


type and one single-phase full-wave—give the 
d.c. supplies for anodes and screen and control 
grid bias. The same cabinet contains a 2-stage 
audio - frequency amplifier to supply the 
modulating voltage; this amplifier will give 
full modulation with an input of 23 db below 
reference level (5.9 milliwatts). The relay 
trains used for keying or voice-controlled car- 
rier switching are also fitted in this cabinet, on 
a removable chassis mounted in the top section. 
Remote control of the transmitter is centred 
on a special panel mounted on the same 
“operator’s position” rack as one of the 
receivers in conjunction with which the trans- 
mitter is used. This remote panel provides for 
selection of any of the three possible types of 
communication — C.W. telegraphy, M.C.W. 
telegraphy, or radio-telephony. It is also 
equipped with a dial for wave selection, an 800- 
cycle oscillator to supply tone for M.C.W. 
modulation, a voltmeter which measures the 
speech-level supplied to the transmitter (and 
can be considered as a modulation indicator) 
and with controls for the depth of modulation, 
etc., as required for radio-telephone link work- 
ing (dealt with in a following Section). 
MEDIUM- AND LONG-WAVE 
TRANSMITTERS (TYPE M.20 and 21) 


Taking first the medium-wave transmitter, . 


this covers a band of 585 to 822 m with dial- 
controlled switching to any one of up to 10 
spot wavelengths within this band, and aerial 
circuit power of 3 kW on C.W. or 3 kW plus 
80 per cent. modulation on M.C.W. Power 
input is from a 3-phase, 50-cycle source, with 
the transformers and any rectifiers required to 
furnish the various filament, anode, and grid 
supplies, etc., included in the transmitter. The 
main H.T. rectifier uses hot-cathode mercury- 
vapour valves, but all other rectifiers are of the 
dry metal type. 

Views of the general assembly are shown in 
Figs.5 and 6. During operation the transmitter 
is completely enclosed, except for ventilating 
louvres, cooling being aided by a built-in blower 
system. Access to the interior is obtainable 
through doors which, when opened, operate 
gate switches to cut off the H.T. supply. 

The basic circuit of the transmitter is shown 
in the simplified circuit diagram, Fig. 7. 


A single - valve self - biased master-oscillator 
drives a neutralized power-amplifier group of 
three parallel valves, the output of which is 
inductively coupled to the aerial through a 
tank circuit. Keying is performed through a 
high-speed polarized Creed relay which biases 
back the grid of the master-oscillator valve. 
Excellent signal wave-form is obtained up to 
key speeds of over 100 words per min. For 
M.C.W. operation the power amplifier is anode 
modulated by tone derived from a 700-cycle, 
2-kW alternator. Provision is also made for 
low-power grid modulation of the power- 
amplifier stage, to give either telephony or 
M.C.W. of other than 700-cycle tone. 

The main H.T. rectifier is of the 3-phase 
half-wave type with one hot-cathode mercury- 
vapour valve per phase. A spare valve is fitted 
in position and can be switched as a replacement 
into any of the three phases; its cathode is 
kept heated to half brilliancy during the period 
when it is not in use so as to avoid the serious 
loss of time otherwise involved in “condition- 
ing” a valve which has been lying idle for some 
time.. When first starting up the transmitter 
at the commencement of a voyage an automatic 
time delay ensures that high tension is not 
applied until the rectifiers are properly warmed 
up by having their filaments alight for 5 
minutes. 

The long-wave transmitter is identical in 
design, power, and facilities, with the medium- 
wave transmitter, except for the electrical values 
of tuning condensers, etc., and the addition of 
an aerial loading coil. It covers a wave-band 
of 1,875 to 3,000 m, on which, by regulation, 
transmission is confined to C.W. 

As can be seen from the illustrations, the 
transmitter includes two narrow end-bays 
flanking three large bays assembled together to 
form a single unit. The first (end) bay from 
the left (Fig. 5) contains the air blower, Creed 
relay equipment, remote-control relay rack, and 
local-control circuit equipment. In the second 
bay are housed the main H.T. mercury-vapour 
valve rectifier with its associated transformers 
and other power supply gear, together with the 
dry metal rectifiers for circuit control and grid 
bias, etc. The third or centre bay contains the 
master-oscillator and amplifier valves, together 
with their blocking and tuning condensers, high- 
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Fig. 10—Circuit Diagram of Short-wave Receiver Preselector Unit. 
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frequency chokes, and protective resistances. 
The fourth bay contains all the tuning coils for 
both master-oscillator and amplifier circuits, 
together with a remotely-controlled mechanism 
associated with the master-oscillator tuning cir- 
cuit. The remaining end bay (Figs. 5 and 6) is 
devoted to the wave-change mechanism. 

The method of wave-change used is as 
follows. The same tuning coils and condensers 
remain in circuit on all wavelengths, but the 
active tappings on the tuning coils are changed. 
In the case of the medium-wave transmitter 
there are three tuning coils involved—master- 
oscillator, power-amplifier output, and aerial 
tuning; while for the long-wave transmitter 
there is one additional coil for aerial loading. 
Associated with, and mechanically close to, 
each tuning coil is a 10-point rotary switch, 
whose studs are connected to tappings on the 
coil corresponding to the desired wavelengths. 


An unusual feature of the switch is that contact 
between brush arm and stud is made through a 
special spring-loaded metallized carbon brush 
with pigtail connection to the brush carrier, 
the assembly closely resembling the brush gear 
used on ordinary electrical machinery. All 
these 10-point switches are operated simul- 
taneously from a common vertical power shaft 
to which the rotating brush-arms are individually 
coupled through bevel gears. This common 
power shaft is itself driven through reduction 
gear by a small motor which, when idle, has its 
rotor clamped by a powerful brake and whose 
starting and stopping is governed by a tele- 
phone dial and relay system on principles 
similar to those used in the design of an auto- 
matic telephone exchange. 

In addition to the switches just referred to, 
another group of four 10-point rotary switches 
are driven from the vertical power shaft. One 
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of these is a pilot switch connected into the 
relay circuits to complete the motor-stopping 
circuits when the switches have travelled to the 
correct tap-contact position; another ensures 
that high tension is not applied to the valves 
unless the h.f. circuits are complete ; the third 
switches auxiliary tuning condensers through a 
contactor system; while the fourth is used to 
“indicate back” the position of the switches to 
the remote-control position. 

The common power shaft also furnishes drive 
to an illuminated indicator disc marked for 
each position with the frequency and dial num- 
ber of the wavelength to which the transmitter 
is then set. In the event of failure of the shaft- 
driving motor it is possible to operate the shaft 
through a free-wheel device by means of manual 
control from the front of the transmitter. 

The control circuits are so arranged that if a 
new wavelength is dialled while the transmitter 
is running, i.e. with anode H.T. “on,” in order 
to safeguard the valves the H.T. supply is 
automatically disconnected before there is any 
movement of the power-driven wave-change 
group of switches, and is restored when these 
switches have reached the position correspond- 
ing to the number dialled. The time taken to 
change wavelength depends on the amount of 
travel of the rotary switches, and in the extreme 
case of changing, say, from wavelength “3” to 
wavelength “2,” which involves the maximum 
travel (since the switches always rotate in the 
same direction, and must therefore traverse 9 
positions for the case quoted) this total time 
does not exceed 10 seconds. For changing in 
the opposite direction, i.e. from wavelength 
“2” to wavelength “3” the time is about 2 
seconds. The control mechanism embodies a 
storage feature whereby it is impossible for a 
second operation of the dial to have any effect 
unless the changes governed by the first opera- 
tion have been completed. If the dial is 
operated to give the same wavelength as that 
on which the transmitter is already set, there is 
no movement of the rotary switches, the only 
effect of the second dialling being a momentary 
interruption of the H.T. supply. Dialling may 
be done either on the “local control” dial 
mounted on the front of the right-hand bay of 
the transmitter (Fig. 5) or on another dial 
located at a distance on a remote-control unit. 


It sometimes becomes desirable to change a 
wavelength very slightly from its pre-set value, 
say by a few hundred cycles, in order to avoid 
interference with or from other stations work- 
ing on the same wavelength. To meet this 
possibility a small auxiliary variometer is in- 
cluded in the master-oscillator circuit, and is 
varied at the remote control through a “‘Selsyn” 
system to give the desired small frequency 
change, the switch-selected taps and the master- 
oscillator and other coils being left unaltered. 
This system consists, in effect, of two small 
a.c. synchronous-motor mechanisms, electrically 
inter-connected so that the rotor of the “‘receiv- 
ing” end, coupled to the variometer, does not 
rotate but takes up a steady position corre- 
sponding to the hand-controlled position of the 
rotor at the transmitting end, i.e., on the remote- 
control panel. 

On the front of the left-hand end bay (Fig. 5) 
are switches of the telephone pattern which 
operate through relays to give the following 
controls: “H.T. on-off,” “Full, half, or low 
power,” “C.W. or M.C.W.,” and “Local”? or 
“Remote” control. This last switch provides 
for the transfer of all the other switch facilities 
just mentioned, together with the signalling 
key and wave-change dial circuits, to a remote- 
control unit. In the case of the Queen Mary 
this remote-control unit is situated in the 
operating room 400 feet from the transmitter. 

The remote-control unit is of panel type and 
is mounted on one of the “operators’ position” 
racks in the operating room. It is equipped 
with a telephone dial for wave selection, wave- 
length number repeater to indicate the wave- 
length on which the transmitter is set, and 
switches for H.T. supply, etc., as on the “local 
control” position on the transmitter. It also 
includes the control for the “Selsyn”? system, 
which governs the position of the master- 
oscillator auxiliary variometer, and permits fine 
regulation of the transmitting frequency on 
either side of its normal value. 


SHORT-WAVE RECEIVER (RM. 10) 


The receiver units from which the Queen 
Mary’s equipment is built up consist of the 
“short-wave” receiver, wave-range 13.5-550 m, 
primarily used for short-wave telegraphy and 
telephony ; the “‘medium-wave” receiver, wave- 
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range 500-3,000m, for medium- and long- 
wave telegraphy; and “long-wave” receiver, 
wave-range 1,750-20,000m, for long-wave 
telegraphy. ‘These receivers are all of the rack- 
mounted type and have the following features 
in common: 

(a) Power supplies 
power unit. 

(6) Single-control tuning with large indicator 
drum (8 inch diameter) calibrated directly in 
kilocycles, the calibration track covering 280°. 

(c) Auxiliary note filters for heterodyne 
reception. 

(d) Auxiliary preselector circuit which can 
be switched in or out as desired. 

(e) Output circuits arranged for loud-speaker 
monitoring, operating a tape recorder for 
morse telegraphy, and direct feed to the 
terminating equipment for telephony. For 
ordinary reception of morse signals a fixed 
13-db attenuator is inserted before the head- 
phones, so that both headphones and loud- 
speaker or tape recorder can be energized 
simultaneously at their suitable different levels. 

Fig. 8 shows a single short-wave receiver 
mounted on a rack, together with its associated 
preselector and power supply units, while Figs. 
9 and 10 show the circuit diagrams of the 
receiver and preselector units respectively. The 
circuit is of the superheterodyne pattern, requir- 


drawn from an a.c. 


ing 9 valves for the following functions; one 
h.f., 1st detector, separate beating oscillator, 
two Lf. stages, 2nd detector, l.f. output valve, 
separate heterodyne oscillator, and separate 
automatic gain-control valve. This receiver is 
particularly designed for use on large liners, 
and possesses accordingly a number of rather 
special features. ‘These are :— 

(1) The short-wave receiving aerials must be 
so situated as to be as free as possible from the 
numerous sources of electrical noise which are 
normally encountered on board such vessels. 
This in general means that the aerial is at a 
fairly large distance from the receiver room, 
and must be connected thereto by a transmis- 
sion line, which if of the open wire pattern is 
itself liable to pick up noise. It is therefore 
necessary to provide special circuits for coupling 
the receiver through the transmission line to the 
aerial. In the present case the required 
coupling circuits are included in a separate 
preselector panel unit, which serves simul- 
taneously to match the receiver proper to the 
aerial transmission line, to give extra selectivity 
against transmissions on a neighbouring fre- 
quency, and to give almost complete sup- 
pression of medium and long wave voltages 
picked up by the aerial. It will also give an 
accurate balance against any noise currents 
which may be picked up in the transmission 
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Fig. 11—Cireuit Diagram of Medium-wave Receiver Unit. 
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Fig. 12—Circuit Diagram of Medium-wave Receiver Preselector Unit. 


line if the latter is of the balanced open-wire 
type. 

(2) A single high-efficiency h.f. stage is pro- 
vided. High efficiency is necessary to ensure 
that valve noise shall be low compared with the 
signal, and to give adequate second-channel 
suppression. 

(3) For heterodyne reception with note filter 
it is necessary that the h.f. beating oscillator 
remain very constant in frequency. The high- 
tension supply voltage for the whole receiver is 
therefore held constant by a ‘“‘stabilovolt’” gas 
tube, which gives a stable heterodyne note 
despite changes in the settings of any control 
other than tuning and also despite large fluctua- 
tions in field strength of the incoming signal. 

(4) In order to obtain maximum efficiency, 
plug-in coils are used. Five sets cover the 
complete wave-range of 13.5-550 m, the range 
of a set on the shorter wave-lengths not ex- 
ceeding a 2/1 ratio. Speed and correctness of 
handling is ensured by ganging each set of 
coils, while the appropriate directly-calibrated 
track on the large indicator drum is auto- 


matically illuminated when a coil unit is 
inserted. 

(5) The automatic gain control can be set to 
operate with either of two time-constants, one 
being symmetrical and suitable for telephony, 
the other asymmetrical and suitable for tele- 
graph reception. It is extremely efficient, a 
signal variation of 1 uV to 100,0004 V (100 db) 
of constantly modulated carrier input being 
stabilized to 8 db variation of audio output. 

(6) Tuning is facilitated by a resonance meter 
operative on either telephony or telegraphy. 

(7) An output limiter is provided to attenuate 
powerful static crashes. 

(8) The intermediate frequency is 350 kc, 
this being the least likely to experience any 
form of interference during ocean service. 

(9) The sensitivity is such that a 30 per cent. 
modulated signal of 0.5 uV in the aerial trans- 
mission line can give at least 50 mW of low- 
frequency output from the receiver at all 
frequencies. 

(10) The band width is 8 ke for 6 db loss, 
and 30 ke to 35 ke for 60 db loss. 
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Medium- and Long-Wave Receivers 


(RM.11 and RM.12) 


The general appearance of the medium- and 
long-wave receivers is similar to that of the 
short-wave receiver, except that no plug-in 


preselector units. Some of the more important 
considerations affecting the design of both these 
receivers are as follows :— 

(1) The choice of the “straight” circuit is 
due to the extreme amount of pre-selectivity 
which is necessary to permit satisfactory 


Te 


c 
Ballast and resis- 
tance lamp panel. 
Fuse panel. 


Resistance panel. 
Condenser panel, 
Retardation coil 
panel. 
Repeating coil 
panel. 


Vopas relay panel. 


i Differential 
balance panel. 


: = | j © A) 
Po | 
at k ee Te 
Sai : 
¢ m | s 
ppn an S i 


in Tae | panel. 
Bees, sense 
= j! Filter panel. 
j 
Ssa O : i 
= | Terminal strip 
ee panel. 
| oe 
| TRE 8 
2-B2 Transmitting Transmitting Rec. Delay Networks. Vodas Bay. 
Privacy Delay Delay Trans, Delay Networks. re 
Equipts. Networks. Networks. Vol. Indicator 
Attenuator. 


Fig. 13—Rack Assembly of Terminating Equipment on R.M.S. “Queen Mary.” 
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coils are used. The medium-wave receiver 
covers a waveband of 500-3,000 m in two ranges, 
with switch selection, while the long-wave 
receiver covers a waveband of 1,750-20,000 m 
in three ranges. Both sets are of the straight 
type, using 6 valves arranged for two stages 
of h.f. amplification, detector, two 1.f. amplifica- 
tion stages, and separate heterodyne oscillator. 
(The tuning condenser of the heterodyne 
oscillator is ganged with the other tuning cir- 
cuits.) Figs. 11 and 12 show the circuit 
diagrams of the medium-wave receiver and 


medium- or long-wave duplex operation on 
frequencies differing by less than 10 per cent. 
In these receivers about two-thirds of the over- 
all selectivity precedes the first valve for duplex 
operation. Incidentally, as these receivers are 
used only for telegraphy there is no need that 
they should pass a definite or constant band 
width, and note filtering increases still further 
the effective selectivity. 

(2) Both the receiver proper and its associated 
preselector panel are provided with adjustable 
input coupling condensers. Following the con- 
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densers are vacuum-gap arresters set to break 
down at 1,000 volts in the case of the preselector, 
and at 500 volts in the case of the receiver. 
By means of the input condensers the signal 
coupling can be increased up to the point 
where voltages induced by the local transmitters 
become prohibitive. 

(3) The preselector units contain three tuned 
circuits. The first valve is therefore preceded 
by a total of four tuned circuits, and followed 
by two others. The preselector units are built 
throughout with components which can with- 
stand approximately 2,000 volts (r.m.s.) at radio 
frequency, since the aerial vacuum-gap arresters 
must not operate continuously and so set up 
interference to adjacent receivers on all fre- 
quencies. Continuous operation of the arresters 
following the preselector is not usual, and in 
any case could set up only very small external 
interference on other frequencies than that to 
which the receiver is tuned. 

(4) When the preselector is thrown out of 
circuit a lamp is lit to indicate that the band 
width passed is suitable for stand-by reception. 
This feature is of special importance for the 
600-m watch. 

(5) Wave-change switching is provided on 
both receivers and preselectors, and the cor- 
rect tracks on the frequency-calibrated indicator 
drum are automatically illuminated. 

(6) “Crash limiting” is provided as in the 
short-wave receiver. 

(7) In order to permit of simplex (break-in) 
operation on a common wavelength, an over- 
load bias device is provided on the first valve. 

(8) The sensitivity of each receiver is such 
that on C.W. telegraphy the low-frequency 
output is 50 mW for under 5 uV input. Satis- 
factory headphone operation is possible with 
signals of less than 1 uV. 

(9) When combined with its preselector, 
each receiver has a signal frequency selectivity 
equivalent to an attenuation of more than 
100 db at 10 per cent. off signal frequency. 
The note filter, of course, still further augments 
the total selectivity. 


TERMINATING EQUIPMENT (TYPE T.O.P.5) 


With the advent of the subscriber’s ship-to- 
shore radiotelephone service a new item has 
had to be added to the types of equipment 


required for ship installation. This new item 
is the “terminating equipment,” which in one 
form or another is a regular part of all radio-link 
telephone circuits. The primary function of 
terminating equipment is to prevent local inter- 
action between the radio transmitter and radio 
receiver, despite their being deliberately coupled 
together through the subscriber’s apparatus and 
also unavoidably coupled together by induction 
from aerial to aerial. In the absence of terminat- 
ing equipment the effect of these couplings is, 
in extreme cases, to set up actual “singing” 
round the circuit, and in less extreme cases to 
reduce the effective sensitivity of the receiver 
and to impair the quality of both transmitted 
and received speech. In addition to preventing 
this local interaction, terminating equipment 
may also include some “privacy” system which 
renders the radiated speech unintelligible to 
unauthorized listeners. 

Although ship-to-shore telephony has been 
established for some years, it has been cus- 
tomary to keep the terminating equipment 
down to the minimum consistent with a good 
speech circuit, and the privacy feature has not 
been a regular part of the service. In the case 
of the Queen Mary, however, it was considered 
that the service should be of the same nature 
as that furnished on the transoceanic links, and 
the terminating equipment is accordingly not 
only rather more complete than that hitherto 
fitted in ships but also includes a privacy system. 
Since the underlying principles are the same in 
all cases, the following notes on the Queen 
Mary equipment may be taken as including 
the main features of the more limited equipment 
used in older ships. 

Fig. 13 shows the rack assembly of the com- 
plete terminating equipment, including the 
privacy portion. Its construction follows nor- 
mal telephone practice, the only special 
mechanical feature being in the fixing of the 
rack to the ship members through a rubber 
anti-vibration mounting. The privacy portion 
of the equipment includes five indirectly- 
heated valves, the remainder, i.e., the terminat- 
ing equipment proper, using a total of 17 
repeater valves of the 0.25 A filament type. All 
power supplies are derived from the a.c. supply 
to the station. 

The fundamental operation of terminating 
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Fig. 14—Block Diagram of 4-wire Radiotelephone Circuit with Half Singing-suppressor 
Equipment on R.M.S. “Queen Mary.” 
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equipment is automatic switching of the trans- 
mitter carrier, and of the receiver, under the 
influence of the subscriber’s voice, the trans- 
mitter being switched “off” and the receiver 
left “on” at full sensitivity when the subscriber 
is listening to the distant point, while the 
reverse action occurs when the subscriber 
speaks to the distant point. In other words, the 
radio circuit is effectively operated on a simplex 
basis, preventing the formation of a “singing 
path.” The switching is performed by means 
of a voice-operated detector amplifier (see Figs. 
14 and 15) operating a fast relay train in the 
radio transmitter. At the same time as the 
carrier is switched on, a blocking device is 
inserted in the receiving circuit so that no 
singing path can exist (in the case of 2-wire 
P.B.X. working) round the local loop consist- 
ing of hybrid coil, radio transmitter, radio 
receiver, hybrid coil. The relay train is 
arranged to have a “hangover” of about 150 
milliseconds, i.e. the relays do not release until 
the lapse of that time after the speech has 
finished. This prevents any unpleasant echo 
effects, due to the reflections at the far end, 
from reaching the speaker. 

The voice-operated detector-amplifier con- 
trolling the carrier is fitted with a sensitivity 
control which can be set to suit the conditions 
existing at any given moment. The sensitivity 
should be such that the relay train is just 
operated by the initial weak parts of the speech, 


and thus “‘clipping”’ is prevented. If the sen- 
sitivity is made too great, false operation due to 
room or line noise will occur, causing the local 
carrier to come on, and cutting off the received 
speech. After a little experience the operator 
is able to adjust the sensitivity correctly without 
any difficulty. 

A voice-frequency amplifier and a manually- 
operated gain control are also provided, so that 
allowance can be made for varying subscribers’ 
levels. This enables the detector-amplifier to 
be operated at the correct level and thus pre- 
vents possible ‘‘clipping,”’ and also enables the 
modulation of the transmitter to be kept at the 
correct value. 

When the ship’s transmitter is setting up a 
very strong field at the shore receiver, the 
action of the carrier-suppressor device will 
cause slight ‘‘plops” to be heard by the land 
subscriber when the carrier comes on, due to 
the action of the A.V.C. on the receiver. These 
are not sufficiently loud to be objectionable, but 
they cause trouble when the circuit is being 
extended via another radio link. Under such 
conditions, the transmitting and receiving fre- 
quencies must be separated sufficiently to 
enable the carrier-suppressor device to be 
removed. 

An equipment of the type shown in Fig. 14 
is known as a “half” V.O.D.A.S. (voice- 
operated device, anti-singing) equipment, and 
covers the essentials in cases where the ship 
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terminal is operated on a 4-wire basis. The 
usual telephone supervisory and monitoring 
facilities of course are also provided, but these 
are purely auxiliary features. 

When the ship subscriber is connected in the 
normal 2-wire manner, additional complications 
arise, since this means the introduction of a 
hybrid coil to effect the junction between the 
transmitting and receiving paths. A hybrid 
coil is a special type of differential transformer 
whose windings, in conjunction with the sub- 
scriber’s line and a balancing network of equal 
impedance to the line, furnish an a.c. bridge 
the diagonals of which are connected, directly 
or inductively, one to the transmitting path and 
one to the receiving path; the two paths are 
thus cffectively separated if the bridge is per- 
fectly balanced, although both are connected to 
the subscriber’s line. It is, however, funda- 
mental in the use of a hybrid coil that (the 
balance between line and network never being 
perfect) there remains a certain transference of 
energy across from the ‘‘receive” path to the 
“transmit” path. This is a source of trouble, 
for two reasons. Firstly, if the received level 
is allowed to become too high, the fraction of 
signal which is transferred across the hybrid 
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coil may be sufficient to operate the transmitting 
detector-amplifier, with consequent re-trans- 
mission of the received signal and, in certain 
circumstances, the setting-up of an undesirable 
echo at the far end. Secondly, this retrans- 
mission may actuate the blocking device in the 
receiving side, thus cutting off the received 
signal. 

Now, although a good hybrid balance is 
obtainable on a ship, re-transmission can easily 
occur if the received signal is fading to a greater 
extent than the receiver A.V.C. can control. 
The second effect also occurs if the radio noise- 
level is very high, since a proportion of this 
noise will be transferred across the hybrid coil 
and will cause a similar false operation. 

The possibility of such re-transmission occur- 
ring is therefore guarded against on the Queen 
Mary by the installation of a full singing- 
suppressor equipment. This equipment is so 
arranged that it can be switched instantly into 
either of the two radiotelephone channels, it 
being assumed that conditions will nearly 
always be good enough to allow of one circuit 
being operated satisfactorily with the half 
singing-suppressor equipment. 

The equipment consists essentially of two 
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Fig. 15—Block Diagram of 2-wire Radiotelephone Circuit with Full Singing-suppressor 
Equipment on R.M.S. “Queen Mary.” 


CONTROL PANEL 


DIFF BALANCE PANEL 


TO CARRIER 
m» SUPPRESSOR 
RELAY 


RADIO 
| RECEIVER 


i 


ECHO SUPPRESSOR 
COIL GROUP 


352 


ELECTRICAL COMMUNICATION 


FROM 
TERMINATING = 
EQUIPMENT 


ee b, LP 
ANDIO! 
RMP FILTER 


TO 
TERMINATING ~<¢— 
EQUIPMENT 


AMP ue 
AND/OR 
FILTER 


MODULATOR 


Le 
OSCILLATOR 


Fig. 16—Block Diagram of Privacy Equipment on R.M.S. “Queen Mary.” 
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detector-amplifiers (one in each side of the 
circuit) with their relay trains and suppressing 
devices, delay networks to hold up the speech 
long enough for the relays to operate, and an 
amplifier to make up the various losses in the 
circuit. ‘The control of the carrier-suppressor 
relays is transferred from the original detector- 
amplifier to the detector-amplifier in the full 
singing-suppressor when the latter is switched 
into circuit. 

The operation of the equipment (see Fig. 15) 
is then as follows. Speech from the passenger 
passes across the hybrid coil and through an 
attenuator and amplifier. By means of the 
manually-operated gain control the operator 
adjusts the passenger’s speech to zero level (i.e. 
5.9 mW) at the output of the amplifier. The 
speech then passes through a number of filter 
sections, so designed that they produce a delay 
of 22 milliseconds in the speech, irrespective 
of frequency. These delay filters have a loss of 
approximately 30 db and are followed by a 
further amplifier to make good this loss. 

Bridged across the main circuit ahead of the 
delay filters is the transmitting detector- 
amplifier, of input impedance such that it 
introduces no appreciable loss. This detector- 
amplifier takes a small part of the speech cur- 
rents, amplifies them in a 3-stage amplifier, and 
then rectifies them. The resulting direct cur- 
rent is used to operate a train of three very 
sensitive polarized relays mounted on anti- 


vibration pads. Operation of these relays opens 
the transmitting path to the outgoing speech, 
blocks the receiving path, and switches on the 
carrier in the same manner as in the half 
singing-suppressor system. The circuit is so 
arranged that the delay introduced by the 
special networks also covers the switching-on of 
the carrier, rendering the possibility of “clip- 
ping” still more remote than in the case of the 
half singing-suppressor, where freedom from 
“clipping” is governed by the sensitivity of the 
detector-amplifier and the “quick-starting” pro- 
perties of the radio carrier. 

Consider now incoming speech being received 
on the ship. This passes through the receiving 
side of the singing-suppressor and in doing so 
operates the receiving detector-amplifier, which 
paralyses the transmitting detector-amplifier so 
that any speech being transferred across the 
hybrid coil does not operate it. The existence 
of the receiving detector-amplifier thus renders 
it possible to work the circuit on a 2-wire basis 
when the hybrid unbalance and the noise-level 
would otherwise make it impossible. The two 
detector amplifiers, transmitting and receiving, 
are made up as one unit known as the “‘differen- 
tial balance panel.” 

The full singing-suppressor equipment is set 
up to work at zero equivalent (i.e., introducing 
neither gain nor loss) on both sides, so that its 
insertion or removal does not disturb the 
circuit. 
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The circuit is, of course, permanently moni- 
tored by the operator, who has a volume 
indicator in front of him which enables him to 
check outgoing and incoming levels, both of 
which can be adjusted by controls conveniently 
located. In addition, by the operation of a 
switch, the volume indicator acts as a modula- 
tion meter connected to the output of the radio 
transmitter so that the operator can occasionally 
check that the modulation depth is remaining 
at the correct average level. When the full 
singing-suppressor equipment is in use, an 
additional meter indicates that it is working 
satisfactorily. This meter, which is a centre- 
zero galvanometer, deflects to the right on out- 
going speech and to the left on received speech. 

Provision is made for the operator to talk 
either to the ship subscriber or to the distant 
operator, or to both simultaneously. He also 
has ring-back facilities to the ship subscriber. 
For the initial lining-up of the circuit the 
operators’ control positions are equipped for 
either C.W. or M.C.W. telegraph operation as 
alternatives to speech. A special “weighted” 
amplifier, i.e., one whose frequency response 
curve instead of being flat is adjusted to resemble 
that of the human ear, is provided for measuring 
signal/noise ratios ; its gain control is calibrated 
directly in decibels. 

The whole of the voice-control equipment, 
with the exception of the controls which are 
located at the receiver control positions, is 
mounted on four 6-feet single-sided racks 
carrying standard 19-inch panels (Fig. 13). 


PRIVACY EQUIPMENT (TYPE B.2) 


The privacy portion of the terminal equip- 
ment is, in the case of the Queen Mary, supplied 
in duplicate so as to provide for two simultaneous 
radiotelephone channels. The two equipments 
are mounted on a common rack, the layout of 
which is shown in Fig. 13. The principle of 
operation (see Fig. 16) is to invert the speech 
at the sending end so that low frequencies 
become high, and vice versa, the speech being 
re-inverted at the receiving end. This inver- 
sion is obtained by modulating the speech with 
a fixed frequency lying outside the voice range, 
and then selecting by filters the appropriate 
sideband. 


The system is operated on a 4-wire basis, 
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i.e. a separate modulator, together with its 
associated amplifiers and filters, is used in each 
direction of transmission. A constant-frequency 
oscillator supplies the necessary carrier to the 
modulator and demodulator in the two sides of 
the circuit, the three units being combined in 
practice into an “‘oscillator-modulator” panel. 
In addition to this panel there is an amplifier, 
a filter panel, and a mains supply panel. The 
amplifier enables the privacy equipment to be 
operated at zero equivalent, while input filters 
limit the voice frequency range to 2,750 cycles, 
and output filters cut out unwanted higher 
modulation products. 

The insertion of the privacy equipment is 
controlled by two keys, one for the transmitting 
side and one for the receiving side, so that the 
system can be used in either or both directions 
of transmission as required. At the same time 
as the transmitting inverter is switched on, an 
a.c. motor in the transmitter is started up. This 
motor drives a subsidiary tuning condenser, 
which causes the carrier frequency to “‘wobble” 
through a certain predetermined band width ; 
without this “wobbling” it might be possible 
for speech to be received, despite the inversion, 
on a simple heterodyne receiver. 


PERFORMANCE OF STATION 


The results obtained under the heavy traffic 
conditions of her maiden voyage fully justified 
the elaborate equipment with which R.M.5. 
Queen Mary was fitted. The simultaneous 
demands made by telegraphy, telephony, and 
broadcasting, kept the four transmitters and at 
least four of the receivers in continuous operation 
for the greater part of the time she was at sea. 
Without the independent operation of several 
lines of communication, rapid wave-change, and 
automatic transmission, it would have been 
quite impossible to handle the traffic that was 
presented. 

The results have shown that in spite of the 
difficulties peculiar to ship installations of this 
character, by careful engineering a good 
approach can be made to the operating efficiency 
of a large land station, where normally the 
transmitting and receiving sites are some 
distance apart, and where space is available for 
extensive aerial arrays. 


Condenser Cones for Cable Testing 


By J. K. WEBB, M.Sc., A.M.I.E.E., 


Standard Telephones and Cables, Limited, London, England 


INCE theinception of the Condenser Cone 
as a practical solution of the cable termina- 
tion problem some three years ago, the 

use of this device has steadily increased. It 


Fig. 1—Mounting a 50-inch Cone on a Cable End. The 
Cone should be adjusted by gripping with Rag near tts Base 
as shown, and should not be pressed down from the Top. 


now finds widespread application in three 
distinct categories : 


(i) For the electrical testing of cables in the factory or 
the laboratory, the ends being in air. 

(ii) Under general service conditions, for the potential 
grading and, hence, strengthening of cable termina- 
tions in endbells or boxes. 

(iii) For use in joints, to grade leakage surfaces. 

In end boxes, as in case (ii), cones have been 
successfully used to provide capacitative leakage 


to the high voltage conductor to operate pro- 


tective relays, and they may also be adapted as 
carrier current coupling condensers for com- 
munication purposes. 

A general description of the Condenser 
Cone has been given! and it is sufficient now 
to say that it has proved both economical and 
effective in practice. The present article is 
solely concerned with the use of cones for 
testing cable ends in air, Fig. 1, since this case 
involves special problems which have only 
been overcome by further development work. 

For the successful operation of condenser 
cones under such circumstances, there are 
three distinct conditions which must be satisfied 
from the user’s point of view: 

(i) The length of the cone should be adequate to avoid 
external flashover. The maximum test voltage is 
approximately proportional to this length and may 
he estimated from the values given in Table I. 
These values, on which there is a certain factor of 
safety, refer to standard cones under average con- 
ditions, and the assumption is made that the cable 
to which the cones are attached is quite sound. 
Poorly impregnated or deteriorated cables are 
liable to initiate surges along their lengths, thus 


lowering the flashover value. In_thesc doubtful 
cases, proportionately larger cones should be used. 


TABLE I 
Total Length Flashover 
of Cone, Inches. Voltage kV. 
16.5 90 
25 140 
50 270 


It has been found quite practicable to connect two 
or more cones in series, one above the other, with 
the inner former of the upper cone connected to the 
outer foil of the lower cone. In this case, the total 
flashover voltage of the combination is only slightly 
under the sum of the separate flashover voltages. 
This method results in a smaller overall diameter 
than when a single cone is used, but requires rather 
longer preparation. It should be noted also that, 
with two cones, the voltage between the conductor 
and: former of the upper cone is about half of that 
in the case of the lower cone. The arrangement is 
illustrated in Fig. 2. 

(ii) The radial thickness of the insulation between the 
inner former and the outer foil on the cone must be 


1“The Condenser Cone,” by J. K. Webb, Electrical 
Communication, October, 1933. 
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sufficient to withstand the test voltage. In general, 
oil-impregnated cones to standard design will with- 
stand indefinitely the test voltage set out in Table I, 
so that they may be used over and over again, 
provided that they remain dry and are normally 
stored immersed in cable compound. The cones, 
accordingly, are supplied in specially designed tins 
filled with compound ; they are attached to the lid 
of the tin, and thereby remain suspended during 


transport. This system is also convenient for the 
removal of the cone for test. Fig. 3 illustrates these 
features. 


diii) 


The filling compound must withstand the stress 
resulting from the test voltage. The compound is 
most frequently the limiting factor in over-voltage 
tests, and it is mainly the purpose of the present 
article to show how this difficulty may best be over- 
come. This subject has already been briefly 
referred to in a previous publication? but a re- 
capitulation with further details will now be given 
in order that the subject may be adequately covered. 


The stress on the filling compound is 
greatest at the base of the cone and is equal to 
the radial stress at the outside of the cable 
(i.e., minimum cable stress) multiplied by the 
ratio of the permittivities of the cable paper 
and filling compound. If ordinary cable oil 
is used, this stress must be kept below about 
9 kV/mm., a figure which corresponds with 


A reduction of the stress on the oil may be 
achieved by building up the radial thickness 
of solid insulation in the vicinity of the base of 
the cone which must then be of diameter large 
enough to slip over the added insulation. This 
building up may be effected with impregnated 
tapes or a continuous paper roll. There should 
be chamfers between the ends of the roll and 
the original cable insulation as illustrated in 
Fig. 4, and an earth screen made up, say, of 
lead wire or foil wrapped tightly over the 
lower chamfer and extending for about 1 inch 
over the parallel portion. Since in this case the 
cone will be large enough to slip over the lead 
sheath, the amount of the latter which should 
be removed for the cable end equals the length 
of the inner cone, plus 1 inch, plus the length 
of chamfer. 

This building up of insulation, if skilfully 
carried out, often effects a considerable im- 
provement in the general characteristics of the 
end. There is always a risk, however, of 
leaving an air space between the added roll 


the normal breakdown value of the oil. Cable and the cable dielectric, to avoid which both 
TABLE II 
Rated Radial Section Maximum Minimum Working Stress at Sur- 
Voltage Thickness of of Conductor Working Working face of Added Roll In- 
kV. Dielectric in in Square Stress Stress è creasing Cable Diameter 
(3 phase) Inches. Inches. kV/mm. kV/mm. by 50 per cent. 
25 3.3 1.67 0.7 
33 325 
75 2.91 1.86 0.653 
25 4.16 1.41 0.685 
66 .650 
75 3.45 1.61 0.703 
i J 


oil has a permittivity of 2.3 while that of the 
cable dielectric is 3.8, so that the stress on the 
oil will be 1.65 times the minimum cable 
stress at the voltage considered. Thus the 
use of ordinary oil for filling cones is normally 
limited to those cases in which this minimum 
cable stress does not exceed a value of about 
5.5 kV/mm. Referring to Table II, this value 
is seen to correspond to voltages of 3 to 4 
times the working voltage depending on the 
cable design. 

2“ Recent Developments in connection with Joints and 
Terminations ’’—T. R. Scott and J. K. Webb, Conférence 


Internationale des Grands Réseaux Electriques à Haute 
Tension—Session 1935, No. 209. 


care and experience are necessary. The best 
thickness of paper for the roll is 5 mils, and it 
is advantageous to have the inner end of the 
paper bevelled. With some practice this may 
be achieved by tearing. Suggested dimensions 
for these rolls are given in Table III. There 


3 The minimum stress in kV/mm is calculated from the 
formula, 


E 
Swan =R; X2.3 logio Ri 
Ry 
where E =Voltage in kV. between conductor and lead 
sheath. 
R, =Outer radius of dielectric in mm. 
Re =Conductor radius. 
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may be a case for using impregnated textile 
` tape instead of paper rolls in this connection 
since, although it is not as strong electrically, it 
will tend to minimise the risk of air occlusion. 
Comparative tests, however, have not yet been 
made. 

The increase in cable diameter effected in 
this way may normally be anything up to 


UPPER CONE BOUND TO CABLE 


CONNECTION BETWEEN FORMER 
OF UPPER CONE AND OUTER 
FOIL. OF LOWER CONE. 


TERMINATION OF “H” PAPER. 
ALTERNATIVELY THE LOWER 
CONE MAY BE SLIPPED OVER 
THE LEAD AND THE INSULATION 
BUILT UP. 


Fig. 2—Two Cones in Series on a Cable 

End. As the Upper Cone absorbs half 

the Voltage Drop, the Stress in the 

Filling Compound of this Cone is pro- 

portionately less than in that of the 
Lower Cone. 
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50 per cent. and should not be more than 
75 per cent., otherwise difficulties in handling 
will be experienced with the rolls, but no very 
rigid rules can be given. Each case must be 
considered on its own merits. The reduction 
of stress obtained in this way may be deduced 
from Table II. 

In the case of old, dry or gassy cables or 
lengths which have been subjected to bending 
tests, especial difficulty is often experienced 
with the ends. This is due to the films of gas 
ionising under the action of the radial stress, 
and so forming a longitudinal conducting path 
from the end of the cable core to the lead 


sheath. It should be borne in mind that a 
TABLE III 
Length of Total Length Length of 
Cone of Added Roll Chamfer 
Inches. Inches. Inches. 
16.5 6 1.5 
25 9 2 
50 12 2.5 


longitudinal stress must always exist at a cable 
termination; the condenser cone simply gives 
a uniform gradient to the stress. When failure 
occurs in such an end, dendritic markings are 
often found between paper tapes on the cable 
several layers down. The only satisfactory 
way of dealing with these cases is to remove 
the lead sheaths for more than the normal 
distance, unwind several layers of the cable 
paper without tearing them, and re-smear 
each with oil on rewinding. In this way the 
strength of the end may be greatly improved 
without affecting the cable characteristics. Pre- 
vention, however, is better than cure; there- 
fore in making bending tests, the ends should 
be handled as little as possible, and precautions 
taken to prevent movement of paper relative to 
copper at the extremities. 

Since the stress on the oil used for filling is 
a function of its permittivity, it is to be sup- 
posed that raising the value of this constant 
would have a beneficial effect; and, provided 
it can be done without causing other factors 
to obtrude, it has been found to be the case 
within the limits of materials available. Certain 
substances, notwithstanding, such as Aroclor, 
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which appear to have everything in their 
favour, have proved curiously disappointing. 

There is, however, another method which 
has been found to effect a very substantial im- 
provement; it consists in purposely giving the 
filling compound a high power factor. As the 
underlying principle may not be obvious, the 
following explanation may help to make it 
clear. 

Referring to Fig. 5, Cı and C, are two 
capacities in series, and an alternating voltage E 
is applied to both. This voltage will divide 
into two parts e, and e, depending on the ratio 
of the admittances of C, and C,. Now if a 
conductance G, is placed across C} it is evident 
that as this conductance becomes infinite, it 
will short circuit C, and hence the voltage e, 
will vanish, while the whole of E will be 
thrown across C,. For intermediate values of 
G; it can be shown that 


e ji 
E == (1) 
Aes Cosec? ® Pe hae 
Ci? C: 
G 
where cot ® 1 (2) 
we, 


w= xx frequency. 
For the particular case in which C, C, the 
current is practically constant for all values of 
G, and 


e Ca 
42 = Z sin® 


(3) 
Ez 1 

In the case of the condenser cone, C, 
represents the capacity of the filling compound, 
and C, that of the cable dielectric in series 
with it, as illustrated in Fig. 6. The stresses 
S, and S, at the surface of discontinuity 
between these two are proportional to e, and 
e» respectively, while C, and C, are pro- 
portional to the permittivities k, and ky. 

Thus : 


Sı ka . 


5, = T sin © (4) 
If the filling compound has substantially 
zero power factor then sin ® =1 and equation 


(4) reduces to the well-known form : 
S, _ k 


(5) 
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Fig. 3—Withdrawing a 25-inch Cone from its Packing Tin 
in which it is immersed in Compound. Note how the Cone is 
attached to the Lid of the Tin. 


As the power factor (cos ®) of the compound 
increases, however, sin @® decreases, and so 
the stress is transferred from the latter to the 
cable dielectric which is better able to with- 
stand it. In the limit, if all the stress were 
thus thrown back on the cable it would still 
be no greater than in the main body of the 
cable under the lead sheath. Sin ® is thus the 


‘reduction factor which gives a measure of the 


stress transferred. Its well-known variation 
with cos ® is illustrated in Fig. 7. 

Fortunately enough, compounds of high 
power factor are usually allied with those of 
high permittivity; and, moreover, desirable 
values may be obtained without any appreciable 
sacrifice of dielectric strength or B.D.V. 

As a single example, nitrobenzene has a 
permittivity of 34 and a power factor (cos ®) 
of over 0.98 at room temperatures. Despite 
these extreme values, however, its breakdown 
value is of the same order as cable oil. 

It is not suggested that nitrobenzene would 
be a suitable compound for filling cones. 
There are two main objections: the first is 
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i [f euru INSULATION 


END OF EARTH SCREEN 


LINEN TAPE PACKING BOUND OVER 
WITH RUBBER TAPE TO PREVENT 
ESCAPE OF COMPOUND. 

THE COMPOUND SHOULD BE 
ALLOWED TO DISPLACE ALL THE 
AIR BEFORE FINALLY BINDING. 


Fig. 4—Built-up Insulation on Cable End 

combined with Cone. This strengthens the End, 

and may be used in conjunction with Ordinary 

Cable Compound or with Special Compound 
to attain the Highest Voltages. 


that it has an inconveniently low viscosity, so 
that there would be considerable risk of its 
penetrating the cable where its characteristics 
would then be objectionable; and the second 
is that its power factor is so high that the longi- 
tudinal stress which must always exist at a 
cable end would cause undue heating. It also 
has a rather objectionable smell and is slightly 
toxic. 


If a thin compound can be tolerated, Halowax 
Oil has been found to give good results. This 
material has a permittivity of 4.91, a B.D.V.* 
of 25 kV, and a power factor of 0.67 at 20° C. 
rising to 0.93 at 60° C. Its viscosity, however, 
is only 3.99 centipoises at 20° C. 


Gi 
o me a 
| Çi | C2 
e e2 
E 
Fig. 5 


It might be thought that the losses generated 
in all compounds of high power factor would 
give rise to a condition of thermal instability, 
but in practice this has not been found to occur 
if the limits are correctly chosen. As the tem- 
perature of the compound rises, the consequent 
elevation in power factor so redistributes the 
stress that a condition of equilibrium is attained 
while the compound is still only slightly warm. 
Occasionally excessive heating occurs at the 
end, usually when testing old and gassy cable, 
but it is due to the heat generated in the ionised 
gas films between the paper tapes. 

The main difficulty in producing an altogether 
satisfactory compound has been to combine a 
suitably high power factor with high viscosity. 
Since the former is due to the presence of polar 
molecules, any attempt at raising the viscosity 
usually results in a sharp decrease in power 
factor, and considerable research has been in- 
volved in balancing effectively these two 
opposing factors. 

Two compounds have, however, been evolved 
which appear to be satisfactory. The first 
(coded as “C.C.8”) has the consistency of 
cable compound and is odourless, non-toxic 
and clean to handle. It is used for making 
short time breakdown tests on cable samples 
where the applied voltage may be anything 
over three times the working voltage. 

* The break down value (B.D.V.) of compounds referred 


to in this paper is in accordance with the B.E.S.A. 
specification (4 mm. gap). 
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Electrical and physical characteristics are 
given in Table IV. The permittivity is 5.82 
and the B.D.V. is 38 kV. Moreover it will 
only mix with cable mineral oil to the extent of 
1 per cent. at 20° C. and 3 per cent. at 60° C. 


TABLE IV 
C.C.8 (Liquid Compound) 


Temp. °C. Power Factor Viscosity 
Cos ® at 50 p:s. Centipoises. 
20 0.32 550 
30 0.47 220 
40 0.63 114 
50 0.79 68 
60 0.90 45 


so that there is little risk of its penetrating the 
cable, or influencing in any way the charac- 
teristics of the latter in the course of even a 
fairly prolonged test. 

The second compound is coded as “C.C.11.” 
At room temperatures it is a thick, clear and 


CONDUCTOR 


CABLE DIELECTRIC 


a FILLING COMPOUND 
Na lil 
i 


KIN —— TERMINATION OF CONE 


i INNER FORMER. 
Nin 


TERMINATION OF 
CABLE `H” PAPER 


Fig. 6—Section of Base Cone on Cable End showing 
Capacity Interlinkages between Filling Compound 
and Cable Dielectric. By controlling the Value of 
C, and G, the Stress may be transferred to C.. 


plastic material. On heating to a temperature 
of about 150° C., it becomes sufficiently fluid 
to enable it to be poured into the cone; on 
cooling a glossy film forms on the surface from 


REDUCTION FACTOR SIN @ ——> 


o ad 2 3 4 5 6 7 B 9 ro 
POWER FACTOR OF COMPOUND Cos o— 


Fig. 7—Graph showing how by increasing the Power Factor 
of the Filling Compound, the Radial Stress thereon is reduced. 


which dust may easily be brushed. The 
electrical characteristics are given in Table V. 


TABLE V 
C.C.11 (Plastic Compound) 
Power Factor 
Temp. °C. Cos ¢ at 50 p : s. 
20 0.63 
30 0.78 
40 0.87 
50 0.92 
60 0.95 


The permittivity is 3.8 and the B.D.V. is 
45kV. This compound will adhere tenaciously 
to oil impregnated paper, and is very effective 
in sealing the end of a cable on test from 
outside sources of contamination. To complete 
the seal, the inner tin tube of the cone may be 
soldered to the lead sheath, provided the cone 
is fitted over the “H” paper. Alternatively, it 
may be slipped over the lead sheath so that the 
compound attaches itself to the latter. These 
two methods are illustrated in Fig. 8. 
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Cones may conveniently be used as guard- 
rings, an application which is valuable when 
taking Schering-bridge readings. Ordinary 
guard-rings used in the open do not altogether 
guard against the effect of the vigorous spark- 
ing which occurs at higher voltages unless 
the cable is effectively screened, but cones do 
not suffer from this defect. The technique of 
adapting concs as guards is as follows : 

The lead should first be trimmed from the 
end for a distance equivalent to the total length 
of the cone, and the “ H ” paper removed for 
a distance corresponding to the length of the 
inner cone. A ring of “ H” paper about 4 inch 
wide should then be removed approximately 
4 inch from the lead sheath. This ring should 
first be covered with an oil impregnated paper 
about 1 inch wide, and then with lead foil 
which makes contact only with the “ H” paper 
above the cut. Some binding wire round this 
lead foil will serve the double purpose of 
making contact with the cone and in preventing 
the latter from contacting with the lead sheath. 
This binding wire also serves as an earth con- 
nection, while the lead sheath is connected to 
the bridge circuit. Rubber tape may be used 
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————— 
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Fig. 8—Cones filled with Plastic Compound to seal off Cable 

End. Oil-impregnated Cones so filled, as in (b), have been 

working satisfactorily on Accelerated Ageing Tests in Air 
continuously for Eleven Months. 


for binding round the bottom of the cone and 
thus preventing the escape of oil but, on com- 
pletion of power factor tests, if it be desired to 
take a long voltage run, the earth connection 
from the cone should be cut short and bound 
over with rubber tape; otherwise oil tends to 
leak out where it projects. 

The special compounds described herein may 
be used for cases in which the minimum cable 
stress does not exceed about 11 kV/mm. 
Referring again to Table II, this value will be 
seen to correspond to voltages 6 to 8 times 
working voltage, depending on the type of 
cable. If still higher voltages are contem- 
plated, then the cable insulation may be built 
up so that the calculated stress at the outer 
surface of the added insulation will not exceed 
11 kV/mm. In this way the highest possible 
voltages may be achieved. 

It should be noted in particular that in- 
creasing the size of the conductor has the 
effect of augmenting the minimum cable stress. 
This is clearly indicated in Table II. ‘Thus the 
tests on large conductor cables are relatively 
more severe than on those having small con- 
ductors as far as the ends are concerned. 

Voltage tests may be divided into two main 
categories : 


(a) Acceptance tests. 
(b) Breakdown tests. 


Considering the two cables given in Table II, 
the acceptance tests as specified in various 
countries would be as listed in Table VI. 

In the case of the British and German 
tests, ordinary cable oil might be used to fill 
the cones. There would be no necessity to 
build up the insulation since it will be noted 
that the minimum cable stress lies below the 
limit of 5.5 kV/mm at the test pressure. 
Americans, however, would either have to build 
up the insulation or use special compound. 

Voltage tests to breakdown are not covered 
by British specification. The German V.D.E. 
specification calls for a 5 minute test of 6 times 
working voltage on 5 metre samples. This 
corresponds to 114 kV for 33 kV cables and 
228 kV for 66 kV cables.. American practice 
specifies tests on selected samples as given in 


Table VII, corresponding to voltages of 130 kV 
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TABLE VI 
British (Customary Test). German (V.D.E. Spec.). American (A.E.I.C. Spec.). 
Rated Voltage | Test Voltage : Test Voltage P Test Voltage : 
kV. 3 Phase 1 Phase to Period 1 Phase to Period 1 Phase to Period 
(British Rating).| Earth kV. Minutes. Earth kV. Minutes. Earth kV. Minutes. 
72 15 
33 53 15 30 
86 15 
150 15 
66 106 15 30 
1795 15 


on 33 kV cables and 260 kV on 66 kV 
cables. 


TABLE VII 
As specified in normal high-voltage test 6 hours 
300 volts/mil of specified insulation .. 3 hours 
350 ,, y ” Ff 3 hours 
400 ,, 5, » » until 


failure occurs. | 
| 

Manufacturers for their own information 
might wish to make short time breakdown tests 
on samples of cable on even higher voltages. 
In all such cases, the minimum cable stress at 


5 On 15 per cent. of lengths. 


the voltage considered should first be calculated. 
If this does not exceed 11 kV/mm a cone 
fitting directly over the cable dielectric may 
be used if filled with special compound. For 
stresses exceeding 11 kV/mm the insulation 
should be built up as already indicated. 
Standard cones increase in diameter by in- 
crements of 0.2 inch, providing a tolerance 
which is permissible with respect to any cable. 
If it be desired to use a cone which is normally 
too big for a particular cable, the insulation 
of the latter may always be built up to suit. 


It has not been found necessary to centre the 


cable accurately in the cone. 


Recent Telecommunication Developments of Interest 


IRECT READING TRANSMISSION 
MEASURING SETS of compact and 
simple design, giving reasonably accurate results, 
are recent developments of Standard Telephones 
and Cables, Limited, London. 'The sets meet 
the requirements for simple and lightweight 
testing apparatus, and are intended as auxiliaries 
to more precise and expensive transmission 
measuring sets. They should prove useful in 
the general maintenance of telephone systems. 
Recent advances in meters and metal rectifiers 
are embodied in their design, and no battery or 
calibrating oscillator is required. Due to the 
high input impedance, lower levels can be 


Transmission Measuring Set. 


measured than is usual with these types of 
instruments. 

The 74105-A set covers the voice frequency 
range of 35 to 5000 p : s. The measuring range 
of this set is + 20 db to -15 db (or alter- 
natively, +2 to -1.75 nepers) with an accuracy 
of + 0.5 db. 

The 74105-B set covers the 50-50 000 p:s 
range and is suitable for measuring levels of 
-10 db to + 20 db (- 1.0 to + 2 nepers) referred 
to 1 mW in 600 ohms.. The accuracy is + 
0.5 db up to 10 kc and + 1.0 db up to 50 ke. 

The Sets are mounted in robust metal 
boxes. The 74105-A set measures 6 x6 x5 in. 
(152 x 152 x 127 mm) and weighs 9 lb. (4 kg). 
The 74105-B set is somewhat smaller; it 
measures 6 x 32 x 34 in, (152 x95 x 83 mm) and 
weighs 24 lb. 


eo RADIO EQUIPMENT (Type 
R.9). The rapid growth of civil aviation 
during the last few years has resulted in a 
European network of daily scheduled air routes. 
It has become necessary to allocate inter- 
nationally specified wavelengths to handle the 
increasing volume of aviation radio trafic and 
to confine their use to well defined zones con- 
trolled and served by established aerodrome 
and other radio ground stations. It is, there- 
fore, increasingly important for the aircraft 
transmitter to have these international wave- 
lengths preset, and for the pilot to be able to 
switch instantaneously from one wavelength to 
another—each change being registered by well- 
defined “clicks” and suitable dial indication. 
The R.9 Aircraft Radio Equipment, developed 
by Standard Telephones and Cables, Limited, 
to meet these requirements, provides for radio 
telephone or telegraph transmission on six fixed 
medium wavelengths, namely : 600—827—862 
—900—918 and 932 metres (500—363—348— 


` 333—327 and 322 ke respectively) and for 


reception on wavelengths between 550 and 
1150 metres (545 and 261 kc respectively). 


The inclusion of 600 metres permits aircraft 


362 


ELECTRICAL COMMUNICATION 363 


Aircraft Radio Equipment. 


engaged on overseas flying to communicate with 
any ship or shore station operating on 600 metres. 

The R.9 equipment allows full advantage to 
be taken of navigational assistance from medium 
wave direction finding stations as well as of 
two-way communication with ground stations. 

The method of installation varies according 
to the type of aircraft and whether the equip- 
ment is to be operated by direct or remote con- 
trol. When the equipment is to be operated by 
the pilot only, remote control is usually used. 

Where space permits, the transmitter and 
receiver units are mounted in a single box, as 
illustrated. If necessary, however, the two 
units can be supplied in separate cases and 
mounted apart, provided the receiver is kept 
reasonably near to the transmitter. In all cases, 
shock absorbing slings are provided. 

The control box, being relatively small, may 
be located to suit the convenience of the 
operator. The fairlead should be installed as 
near as possible to the aerial winch, while the 
latter must be accessible to the operator. 

The equipment can be operated either from 
a wind-driven generator mounted in the leading 
edge of the wing or under the fuselage, or from 
the 12-volt plane battery. The power supply is 
suitably filtered. 


The method of construction permits much 
latitude in the installation of the equipment, 
which can be fitted in aircraft ranging from the 
small Moth variety to the largest multi-engined 


machines. 
o e e 


DISTORTION FACTOR METER, No. 

74300-A, has been developed by Standard 
Telephones and Cables, Limited, London, to 
provide a simple method of harmonic content 
determination without the complexities which 
are inherent in high precision wave form 
analysis. In conjunction with a suitable am- 
plifier, it can be employed for measuring the 


harmonic content of any voice frequency wave 


form. 

This meter is intended as a general purpose 
harmonic measuring set for the quantitative 
determination of the quality of the output from 
oscillators or amplifiers over the voice frequency 
range. Fundamental frequencies from 20 to 
3000 p:s and the total harmonic content 
(i.e., ratio of total harmonics to fundamental 


Distortion Factor Meter. 


plus harmonics) up to 10 per cent. can be 
measured, The associated amplifier must have 
a flat frequency response over the range 20 p : s 
to 10,000 p:s, and the No. 74302-B amplifier 
is specially recommended for this purpose. 

The overall dimensions of the set are 12 x 
9 x 54 in. (305 x 229 x 140 mm), and the weight 
is 20 lb. (9 kg). 
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